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A M production nuggets... 


IDEAS, HINTS, KINKS — these are the life blood of every shop. 
Every alert shop man has some, and hunts more out. Every article 
we publish has at least one, often combines many. You pick from 
this parade those that fit your needs of today, and save some for 
the probable needs of tomorrow. Then the issue goes on to its 
next reader... and its next. 

Tomorrow's problem often. however, is different than you expected. You 
remember there was an answer somewhere within that parade of copies... but 
where? The American Machinist annual editorial index may help if it was 
a one-idea article, but frequently it was not. And we, regretfully, 
have not been able, on occasion, to find it for you either. 

With this issue, we think you can. As our annual Production Preview Issue 
in January combines and classifies the new equipment of the year, this 
Production Planbook Issue in November combines and classifies the ideas, 
the hints, the kinks. We cali them ‘‘nuggets."’ 

This is not an index or a bibliography. It is not a digest. This is something new. 
It is a classified file of idea cores, with pictures where necessary, from 
issues of the past year. Some articles yielded one new idea; some yielded 
many, for various classifications. All include references to the original 
article, and we have added pertinent nuggets from a number of other magazines. 

This is, then. an annual study of the forest of new Metalworking ideas, so to 
speak, to supplement and round out your fortnightly study of the trees. \ 
You pick your current problem, look it up, and find the latest published answers. 

And because so many of your problems deal with steel and its alloys, 
we include a super Special Report—twice as long and as detailed as any 
we ve published before—on How to Work Steel. It gives you 
the basic data upon which to apply al-MeolohZelila-ToMelalo Wty ol -telloliP4-to Malt ie (el 11m 

We hope youll like and use this issue; our advance surveys sdy you will. And 


we also hope you |! tell us how we can make it befter, more useful, in coming years. 


THE EDITORS 
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How to use the 1955 production 


y ou will find in this issue two innovations in technical magazines, both designed to 
help you in planning your 1955 production. They are: 

1. . A classified compendium of nuggets—ideas extracted from our articles during 
the past year and classified by subject so you can find them quickly. 

2. . A major Special Report, summarizing all available data on How to Work Steel. 

Neither can be done in regular issues, both because of the number of pages required 
and our belief that each fortnightly issue should include regular departments. They 
are, therefore, put together here in a bonus issue, which thus becomes a summary of and 
a reference to all the others for the preceding year. 


The production nuggets 

Your planning for 1955 is a complex problem. Business is much more competitive 
than it has been for fifteen years, and many recent advances in process and technique 
must be considered. Processes are developing so rapidly that textbooks, even new ones, 
are already out of date on latest practice, and no given issue of a technical magazine 
can hope to cover all recent developments. Yet, unless these are considered and evalu- 
ated, unsound decisions may result. 

To provide a solution to this problem, as well as the much older one of cross-refer- 
encing recent data so latest answers to production probiems can be found, we have 
extracted from the past year’s issues of American Machinist the nugget or core of every 
production method described, put it into compact focus, and classified it with associated 
methods. Thus, for the first time, you have available here a compendium of ideas, a com- 
pact and cross-referenced file of answers to current questions. 

There have been, for many years, annual issues of magazines that gave a roundup 
of current thinking, either by the editors or by industry executives. But there is such 
diversity of content in the modern magazine that these are so general in content that 
they answer no specific questions. Also, it takes from you the regular technical content 
of an entire issue. 

Here, however, in a supplementary issue, we can provide you with a technical idea 
index. If you wish more detail, there are references to the original article. The period 
covered is August, 1953, through July, 1954. Issues more recent than that are still 
probably in current circulation in your plant. In each group of nuggets we include 
selected ones from several other publications, those in particular which, in our judg- 
ment, covered areas not otherwise included in our content. And there is, also, a bibliog- 
raphy of our older articles, from 1950 to 1953, for supplementary reference if you 
wish. Current literature from manufacturers is also included. 
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How to use the nuggets 


To look up any subject, use the handy thumb index at right, and turn directly to 
the major subject. There, alphabetically classified, are detail headings so you can rapidly 
find any specific subject. Read the items there, and if you wish further or less-current 
detail, check the reference to the original article, the bibliography, and the literature 
listings. Advertising of related products is also classified in the proper section. Between 
them, you will have thorough coverage of the subject over the past four years. 
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How to work steel 

Because steel is the commonest metal you work, we felt you’d like, all in one place, 
the fundamental facts on its fabrication. It took 128 pages to make the largest Special 
Report we’ve ever prepared, and there was still some material that we left out, but 





we felt that a larger Report would become unwieldy to use. 

Included is information either not previously available (like the cast-iron portion), 
or not available in this compact form. You can go specifically to the section containing 
the answers to your current problems or study the entire Report as a convenient review. 


Other features 

Three other sections of this Planbook will give you helpfiil information. 
our regular annual statistical analysis and forecast, beginning on page 17. This provides 
the economic data for your planning. Second, we have compiled the award-winning 
Practical Ideas of the past year in eight pages beginning Section J. There is also a 
section on rebuilt equipment designed to provide you with all the necessary informa- 





First, there is 


tion on sources of rebuilt machines and on various professional services. 

Several classified indexes are included for your convenience, one the detailed contents, 
pages 4 and 5, the other an index just inside the back cover. The thumb index has 
already been mentioned and is on this page. Indexes for the particular section are also 
given on each Opening page. American Machinist Special Reports are listed in chrono- 
logical order in the three pages immediately following the Contents (p6-8). Two indexes 
to enable your quick reference to advertising begin on page 10 and on page l4ePhé 
first is classified by company name, the second by products advertised. 


We ask your help... 
Pleasewconsider this your invitation to comment upon, or criticise, any part of this 
Planbook. We want it to be as useful to you as possible, and will appreciate your 


suggestions, particularly upon the pioneering “nuggets” section. 
- - « The Editors 
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Thousands of copies of these current handbooks on 
major metalworking subjects are in shop use. Here is 
a convenient chronological bibliography of them since 
Number 150. Special Reports have been published in 
American Machinist since 1938, the present total being 
381. However, Reports before 1945 dealt heavily with 
war production, now modified either in method or prod- 
uct, or have been supplanted by more recent Reports on 


the same or equivalent subjects. 


Items marked* are still available in reprint form and 
may be obtained by writing Reader Service, American 


150 How To Lubricate Metalworking Machines 
-Dec 20 ‘45, 16p 


1946 


151 Wage Incentives—Jan 3 ‘46, 12p 

152 Industry Needs New Equipment—Jon 17 
‘46, 8p 

153 Wor Turns a Page in Metal Process—Jan 
31 ‘46, 16p 

154 German Industry Is Taking A Beating— 
Feb 14 “46, 9p 

155 How to Work Stainless Steel—Feb 28 ‘46, 
20p 

156 War Turns a Page in Machining—Mar 28 
‘46, 20p 

157 How to Work With Plastics—Apr 11 ‘46, 
20p 

158 Needed—-A Sensible 
—Apr 25 ‘46, 8p 


Depreciation Policy 


159 How to Use Color in the Shop—May 9 
‘46, 12p 


160 Non-Destructive 
24p 


Testing—May 23 "46, 


161 Patents—How to Get Them, Use Them G&G 
Protect The Rights They Provide—Jun 6 
"46, 16p 

162 Modern 
20 ‘46, 32p 


163 Radical Engine Design Charges Shop 
Procties—Whot Future For Contract Tool 
Shops—Jul 4 ‘46, 8p 


Materials-Handling Methods—Jun 


164 Man Versus Atom—-Yeor One—Jul 18 ‘46, 
8p 

165 How to Deliver G Maintain Lubriconts— 
Jul 18 ‘46, 20p 


166 Job Evaluation Principles—Aug 1 ‘46, 16p 
167 Lighting for Production—Aug 29 ‘46, 16p 
168 Profit sharing—Sep 12 ‘46, 8p 


merican Machinist 


paid. 


169 Man-Made Weather for Metalworking— 


Oct 10 °46, 16p 
170 How to Work Magnesium Alloys—Nov 7 
‘46, 16p 
171 How to Measure Machinability in the 
Shop—Noy 21 ‘46, 12p 


172 Electric Control for Metalworking Ma- 


chines—Dec 5 ‘46, 16p 


173 Merit Rating Strikes A Trial Balance—Dec 
19 ‘46, 16p 


1947 


174 1947 Appraisal of Metalworking, with a 
Statistical Summary—Jan 16 ‘47, 16p 


175 What's 
30 ‘47, 8p 


Happening to Productivity?—Jan 


176 Drawing Compounds Improve Press 


Potentials—Feb 13 ‘47, 12p 


177 Plus and Minus of the Annual Wage— 
Feb 27 ‘47, 8p 


178 Control Practices—Mar 13 ‘47, 16p 
179 How to Cut Costs of Plastic Molds—Mor 
27 ‘47, 8p 


180 Fundamentals of 
16p 


Forging—Apr 10 ‘47, 


181 How to Set Up Carbide Milling Jobs— 
Apr 24 ‘47, 24p 

182 Forging Practices—May 8 ‘47, 16p 

183 USA 1950-1960—May 8 ‘47, 16p 

184 Apprentice Training—May 22, ‘47, 16p* 

185 How Photography Helps Production—Jun 
5 ‘47, 16p 

186 How to Make Precision Castings—Jun 19 
‘47, 16p 


187 Quenching Media and Methods—Jul 3 


‘47, 12p 


188 Brinell Hardness Does Not Measure Ma- 
chinability—Jul 17 ‘47, 16p 


Machinist, 330 W. 42nd St., New York 36, N. Y. 
Please enclose with your order cash or check at these 
rates: For an 8-page Report—15¢, for a 12-page—20¢, 
for a 16-page—25¢. Cost is less for quantities over 100. 
Reports not marked, or regular articles, may be ob- 
tained in photostat form at 40¢ per page from the above 
address. A group of 7 Reports dealing with basic opera- 
tions on standard machine tools and with hand tools has 
been combined into “Tools of Our Trade,” a paper-bound 
booklet at $1.25 per copy. All items are sent post- 


189 How to Work With Cutting Fluids—Jul 
31 ‘47, 8p 


190 How to Sharpen Cutting Tools—Aug 28 
‘47, 20p 

191 Metalworking Will Buy $94,000,000 — 
What Does Automaticity Cost—Sep 11 ‘47, 
16p 

192 How To 
25 ‘47, 12p 

193 How Diamonds Draw 
Oct 9 ‘47, 8p 

194 How to Clean Metals—Nov 6 ‘47, 16p 


Grind Carbide Die Parts—Sep 


Uitra-Fine Wire— 


195 How to Feed Presses—Nov 20 ‘47, 16p 
196 The Marshall Progron—Dec 4 ‘47, 12p 


197 How to Make Die Castings—Dec 18 ‘47, 
16p 


1948 


198 Vertical Surface-Broaching 
Jon 1 ‘48, 16p 


199 Vertical Surface-Broaching 
Jan 15 ‘48, 16p 


200 1948 Appraisal 
29 ‘48, 16p 


201 Adhesives for 
‘48, 12p 

202 How to Finish Copper G Copper Alloys— 
Feb 26 ‘48, 12p 


203 Work Loaders Applied to Machine Tools 
—Mar 11 ’48, 24p 

204 How to Keep Your Employees 
—Mar 25 ‘48, 8p 

205 Fundamentals of Cold 
‘48, 12p 

206 How and When to Swage—Apr 22 ‘48, 8p 

207 Machining Copper and Its Alloys—May 6 
‘48, 12p 

208 How to Reduce Costs of Thin Metal Stamp- 
ings—Jun 3 ‘48, 8p 


Fixtures—I— 
Fixtures—II— 
of Metalworking—Jan 


Metalworking—Feb 12 


Informed 


Heading—Apr 8 
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pecial Reports since 1945 


209 How to Work Aluminum and Its Alloys~- 
Jul 1 ‘48, 16p 


210 How to Paint the Product I—Jul 15 ‘48, 16p 
211 How to Paint the Product Il—Jul 29 ‘48, 16p 


212 How to Design Work Coils for Induction 
Heating—!s Metalworking Moving?—Aug 12 
‘48, 16p 


213 How to Evaluate Supervisory Jobs—Aug 26 
‘48, 12p 

214 How Smooth is Smooth?—Part 
‘48, 16p 


215 How Smooth is Smooth?—Part Ii—Sept 23 
‘49, 16p 


I—Sept 9 


216 Modern Industrial Safety Equipment—Oct 7 
‘48, 16p 


217 Ford Handles by Automation—Oct 21 ‘48, 16p 


218 How to Use Helium-Shielded Arc Welding 
—Nov 4 ‘48, 16p 


219 Master Bases Cut Fixture Costs—Dec 2, ‘48, 
8p 


220 A Handbook of Horizontal Broaching Fix- 
tures—Dec 16 “48, 16p 


221 How Materials Handling Affects Plant Layout 
—Dec 30 ‘48, 16p 


1949 


222 Practical Application of Surface Finish—Jon 
13 ‘49, 16p 


223 1949 Appraisal of Metalworking—Jan 27 ‘49, 
16p 


224 How to Machine Beryllium Copper—Feb 10 
‘49, 16p 


225 Rapid Tests for Identifying Alloy Steels—Feb 
24 ‘49, 16p 


226 How to Rubber-Form Light Metals—Mar 10 
‘49, 16p 


227 Principles of Electroplating—Mar 24 ‘49, 16p 


228 Light Drillpresses Are Versatile Tools—Apr 
‘49, 8p 


229 Press-Room Standards—Apr 21 ‘49, 16p 

230 How to Choose and Use Files—May 5 ‘49, 8p 

231 Metal Spraying—May 19 ‘49, 16p 

232 How to Use More Color im the Shop—Jun 2 
‘49, 12p 

233 Your Money’s Worth Out of Dial Indicators— 
Jun 16 ‘49, 8p 

234 What Filtration Can Do For You—Jun 30 
‘49, 8p 

235 How to Cut Costs with Value Analysis—Jul 
14 ‘49, Bp 

236 How to Heat-Treat Spur Gears by Induction 
Heating—Jul 28 ‘49, 16p 


237 How to do Buffing G Polishing—Aug 11 ‘49, 
8p 


238 Industry Needs Accelerated Depreciation—Sep 
8 ‘49, 8p 


239 How to Operate A Safety Program—Sep 22 
‘49, 8p 


240 Cost-Cutting Clinic—Oct 6 ‘49, 24p* 
241 Modern Gear-Cutting Equipment—Oct 20 ‘48, 
16p 


242 The Mid-Century Inventory of Metalworking 
Equipment—Noy 3 ‘49, 95* 


243 How Modern Mechanical Presses Operate—Nov 
17 ‘49, 16p 


244 Automatic Sizing Applied to Plain Grinders 
—Dec 1 ‘49, 8p* 


245 Optical Tools for Shop Precision—Dec 15 
‘49, 8p* 


246 Dressing G Truing Grinding Wheels—Dec 
29 ‘49, 16p 


1950 
247 When Metalworking Turned the Corner—and 
the Century—Jan 9 ‘50, 16p 


248 1950 Appraisal of Metalworking—Jan 23 ‘50, 
16p 


250 Equipment for Abrasive-Belt Grinding—Feb 
20 ‘50, 8p 


251 Slash Handling Costs by ‘Tooling’ Your 
Shop Trucks—Mar 6 ‘50, 8p 





252 A Manual of Gear Finishing Equip t—Mar 
20 ‘50, 12p 


253 How to Obtain Flexibility in a Press Shop— 
Apr 3 ‘50, 8p 


254 How Tooling Affects Design of Metal Powder 
Parts—Apr 17 ‘50, 8p* 


255 How to Mark Your Product—May 1 ‘50, 8p* 

256 How to Make Extrusions—May 15 ‘50, 3p 

257 Know your Hand Tools—May 29 ‘50, 12p 

258 How to Select a Mechanical Press—Jun 12 
"50, 8p* 

259 How to Machine Plastics—Jun 26 ‘50, 8p* 

260 Tooling for Investment Castings—Jul 10 ‘50, 
12p* 

261 Multiple-Spindle Bar Machines—Jul 24 ‘50, 
16p* 

262 How to Stop That Waste In Machining—Aug 
7 ‘50, 16p* 

263 Carbon Restoration Overcomes ‘Soft Skin’ on 
Parts—Aug 21 ‘50, 8p* 


264 How to Hone—Sep 4 ‘50, 16p 


265 How to Cut Costs with Cutting Fluids—Sep 
18 ‘50, 8p* 


266 How to Lap—Oct 2 ‘50, 12p 


267 How to Work Tool and Die Steels—1I—Oct 
16 ‘50, 16p 


268 How to Make Armament—Oct 30 ‘50, 16p* 
269 Disaster Control—Nov 13 ‘50, 40p 
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270 Machinability Depends on Microstructure—Nov 
27 ‘50, 16p 

27) How to Work Tool and Die Steels—1!1—Dec 
11 ‘50, 16p 

272 Machinability Data for 
Alloys—Dec 25, “50, 8p* 


High-Temperature 


1951 


273 Metalworking Guide to Defense Business—Jan 
22 ‘51, 16p 


274 How GE Makes Turbojets—Feb 5 ‘51, 20p 


275 How to Choose and Use Automatic Lathes— 
Feb 19 ‘51, 16p* 


276 Thread Chasing . . - and How to Do It—Mar 
5 ‘51, 16p* 

277 How to Spin Metals—Mar 19 ‘51, 16p* 

278 Know Your Measuring Tools—Apr 2 ‘51, 12p 


279 You Can‘t Be Half-Hearted About Moderniza- 
tion—Apr 16 ‘51, 20p* 


280 How to Make Quality Control Work—Apr 30 
‘51, 12p* 

281 Better Tapping—May 14 ‘51, 16p 

282 How to Machine Investment Castings—May 
28 ‘51, 8p* 

283 How to Work Titanium and its Alloys—Jun 11 
‘51, 9p* 


284 The Why ond How of Automatic Turret 
Lathes—Jun 25 ‘51, 16p* 


285 How to Mill, Roll, Grind Threads for Production 
—Jul 8 ‘51, 24p* 


286 Plant Protection—Jul 23 ‘51, 13p* 

287 Induction-Heater Maintenance Manual—Aug 6 
‘51, 16p* 

288 Five Ways to Form Gears—Aug 20 ‘51, 16p* 

289 Precision Builds Power on Wheels—Sep 3 ‘51, 
32p* 


290 How Chrysler Builds the Firepower Engine— 
Sep 17 ‘51, 16p* 


291 How Metallurgy Solves Shop Probliems—Oct 1 
‘S1, 16p* 


292 How to Inspect Screwthread Elements—Oct 
15 ‘51, 16p* 


293 How to Machine Copper Atoys—Oct 29 ‘51, 
15p* 

294 Know Your Inspection Tools—Noy 12 ‘51, 12p* 

295 Controlling Die-Casting Flash—Noy 26 ‘51, 
8p* - 

296 Contour Turning—Dec 10 ‘51, 24p* 


297 How To Assure Screwthread Assembly Ability 
—Dec 24 ‘51, 8p* 


1952 


298 How to Tip Tools with Prehardened HSS—Jan 


7 ‘52, 8p* (Newt page, please) 


7 





299 Metalworking Facts for 1952—Jon 21 ‘52, 
10p 

300 How to Cast Constant-Tolerance Forming 
Dies—Feb 4, ‘52, 8p* 

301 How to Run A Drillpress—Feb 18 ‘52, 16p 

302 Calculating Form Tools—Maor 3 ‘52, 8p* 

303 How Ford Automates Production Lines—Mar 
17 ‘52, 16p* 

304 How to Work with Beryllium-Copper Strip— 
Mar 31 ‘52, 16p* 

305 How Sperry Harnesses The Electron—Apr 14, 
"52, 12p* 

306 Rules Don’t Fit Retirement—Apr 14, ‘52, 6p 
(chart) * 

307 Plastics-Equipment and Technique—Apr 28 
‘52, 16p* 

308 How to Run an Engine Lathe—May 12 ‘52, 
16p* 

309 Plastiscale Prototypes Speed Ford Tooling— 
May 12 ‘52, 6p (chart) 
310 How Modern Gun-Drilling 
making—May 26 ‘52, 8p 
311 How and Why Taps Are Precision Ground— 
Jun 9 ‘52, 8p* 

312 How Ford Extends Automaticity to Engine 
Handling—Jun 23 ‘52, 8p* 

313 How to Apply Metal to Glass and Ceramics— 
Jul 7 ‘52, 8p* 

314 How to Bend High-Strength Extruded Shapes 
—Jul 21 ‘52, 8p* 

315 How to Machine and Finish Stainless Steel 
—dAug 4, ‘52, 16p* 

316 Alco Tooling Assembles The M-47 Hybrid— 
Aug 18 ’52, 8p* 

317 Don’t Overlook Operator Safety in Press-Tool 
Design—Sep 1 ‘52, 14p 

318 Men of “Parts Watch Machines Work at 
Sylvania—Sep 15 ‘52, 24p* 

319 How to Cut Overhead Costs—Sep 29 '52, 12p* 

320 How to Maintain Heat-Treating Equipment 
—Oct 13 ‘52, 12p 

321 How to Run a Grinding Machine—Oct 27 
"52, 16p* 

322 How to Grind Titanium—Noy 10 ‘52, 12p 

323 Curtiss-Wright Boosts Output with Machin- 
ability Dato—Nov 24 ‘52, Sp* 

324 Improvements in Press Automation at Ford 
—Dec 8 ‘52, 10p* 

325 Noise—A Shop Problem—Dec 22 ’52, 8p* 


Improves Hole- 


1953 


326 Optical Goging—Jan 5 ‘53, 16p - 

327 1953 Metalworking—Jan 19 ‘53, 16p 

328 Every Mon His Own Inspector at Graflex—Feb 
2 ’53, 20p* 

329 How to Run o Milling Machine—Feb 16 
"53, 16p 

330 Non-Destructive Testing 
Defects—Mar 2 ‘53, 8p* 

331 How to Control Shop Costs—Mar 16 ‘53, 16p* 

332 How to Understand Plaim Carbon Steel—Mar 
30 ‘53, 8p* 

333 How Sylvania Fashions Fluorescent Fixtures 
—Apr 13 ‘53, 20p* 

334 How Dixie Powers Fighting Tanks—Apr 27 
*53, 10p* 


Reveals Casting 


335 How to Handle Chips G Trimmings—May 11 
53, 24p* 

336 When You Drill an Oil Well, Every Bit 
Counts—May 25 ‘53, 10p* 

337 Cure Protective-Atmosphere Troubles—Jun 8 
‘53, 16p* 

338 The Steamer is Still With Us—Jum 22 ‘53, 
10p* 

339 Impact Extrusions of High-Strength Aluminum 
—Jul 6 ‘53, 12p* 

340 How Delco-Remy Cold-Forms Metal—Jul 20 
‘53, 8p* 

341 How to Revamp a Modern Plant—Aug 3 ‘53, 
lip 

342 A Practical Manual of Hard Surfacing—Aug 
17 ‘53, 16p* 

343 How to Understand Alloy Steels—Aug 31 
‘53, 10p* 

344 Mist Cooling—Current Practice—Sep 14 ‘53, 
16p* 

345 How Crystal Structure Affects Metalforming 
—Sep 28 ‘53, 9p* 

346 Ford Bet a Billion om Tooling—Oct 12 ‘53, 
64p* 

347 A Handbook of Workholding Devices—Rotat- 
ing—Oct 26 ‘53, 16p* 

348 Apprentice Training—An Investment in Your 
Plont’s Future—Noy 9 ‘53, 24p* 

349 How GM Tooling was Reborn From Flames— 
Nov 23 ‘53, 24p* 

350 Quick G Dirty Setups Make Close-Tolerance 
Enclosures—Dec 7 ‘53, 16p* 

351 How to Understand Aluminum, Its Alloys & 
Tempers—Dec 21 ‘53, 12p* 


1954 

352 High-Speed Trepanning—Jan 4 ‘54, 10p* 

353 How to Machine Acrylic Plastics—Feb 1 ‘54, 
8p* 

354 Coordinate Subcontracting to Meet Produc- 
tion—Feb 15 ‘54, 8p* 

355 It’s Time to Adopt Realistic Depreciation 
Rates—Mor | ‘54, 8p* 

356 Electrical-Discharge Machining—Mor 15 ‘54, 
12p* 


“Calling truck number three . 


station on the double!” 


357 How to Choose Hydraulic Presses—Mor 29 
54, 12p* 

358 Small Shops Can Use Automation Too—Apr 
12 ‘54, 8p* 

359 How to Work Tomorrow’s Metals—Apr 12 ‘54, 
21p* 

360 Balanced Design Will Fit the Chip Breakers 
to the Job—Apr 26 ‘54, 8p* 

361 How to Understand Heat-Treating Processes 
—Apr 26 ‘54, 10p* 

362 Non-Cylindrical Contours . . . 
Grind Them—May 10 ‘54, 20p* 

363 Canada . . . Metalworking’s Land of Treasure 
—May 24 ‘54, 8p* 

364 How to Bend Aluminum Tube and Bar—May 
24 ‘54, 8p* 

365 Thermal Number Measures Efficiency of Metal 
Cutting—Jun 7 ‘54, 8p* 

366 Process Evaluation Pays Long-Term Dividends 
Jun 21 ‘54, 8p* 

367 New Look at Wormgear Hobbing—Jun 21 
54, 8p* 

368 Production Problems on Supersonic Planes— 
Jul 5 ‘54, 16p* 

369 How to Stretch-Form Aluminum—Jul 19 ‘54, 
8p* 

370 Mist Cooling Goes to Work—li—Aug 2 ‘54, 
16p* ’ 

371 Supervisors for Tomorrow—Aug 16 ‘54, 8p* 

372 How Do Metals Respond to Cold Working?— 
Aug 30 ‘54, 8p* 

373 Artists Sculpture Mica Dies—Sep 13 ‘54, 8p* 

374 How to Understand Annealing G Hot Work— 
Sep 13 ‘54, 8p* 

375 How to Work Stainless Steel—Sep 27 ‘54, 12p* 

376 A Handbook of Workholding Devices-Station- 
ary—Oct 11 ‘54, 16p* 

377 Numerical Control for Metalworking Machines 
—Oct 25 ‘54, 24p* 

378 New Tools Make ‘55, Cars—Nov 8 ‘54, 48p* 

379 How to Work Steel—Mid-Noy ‘54, 128p* 

380 Forming Integral Skins—Nov 22 ‘54, 8p* 

381 How to Prevent Rust & Corrosion—Dec 6 


‘54, 16p* 


How You Can 


Carian 


report to battery charging 
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Management & administration .. « @ bibliography of 1950—53 articles in American Machinist 


Power Declines 2%—Aug 21, ‘50, p78 

How To Cut Costs With Cutting Fluids—Sept 18, 
*50, pl09 

Microstructures of Metals—i, Il, Ill Jon 22, ‘51, 
p315—IV, V, VI, Feb 5, ‘51, pl65 

Small Shop Plan Keeps Production Moving—Feb 
6, ‘50, p79 

Second Operations on Diecastings Cost More Than 
You Think—Mar 20, ‘50, p98 

Hard-Headed Replacement Vitamizes Production 
—Apr 17, ‘50, p78 

Special Equipment Handles Heavy Components 
—May 1, ’50, p76 

How to Figure Cost Savings on Machine Tools— 
May 15, ‘50, p94 

Machines from the Makin’s—June 26, ‘50, p97 

Selection of Production Milling Processes—July 
10, ‘50, p90 Part 1; July 24, ‘50, p98 Port II; 
Aug 7, ‘50, p92 Part Ill; Aug 21, ‘50, pl04 
Part IV; Sept 30, ‘50, pl44 Part V. 

Multiple-Spindle Bar Machines—How They Work, 
What They Do—July 24, ‘50, p107 

Trial & Test Group Pays Off—Aug 7, ‘50, p85 

Machining Costs a Billion a Year Too Much—Aug 
7, “50, p107 

How Management Can Cut Production Cost—Sept 
4, ‘50, pl21 

Photo-Templet Process Cuts Production Costs— 
Sept 4, ‘50, pl22 

Press Reconditioning Pays Off—Sept 4, ‘50, p124 

Detailed Estimates Reveal Economics on Multiple- 
Spindle Automatics—Sept 18, ‘50, p104 

How to Locate the Weak link in Machine Tools— 
Oct 2, ‘50, p83 

How to Get the Most Out of Turret Lathes—Oct 
2, “50, p09 

Machines Run 88% of the Day—Nov 27, ‘50, p93 

Shop Tests Develop Efficient Machining—Feb 5, 
‘51, pl2l 

How to Choose and Use Automatic Lathes—Feb 
19, ‘51, pl47 

How Ford Checks Machine Tools at the Builder's 
Plant—Mar 5, ‘51, p99 

You Can‘’t Be Half-Hearted About Modernization 
—Apr 16, ‘51, pl47 

Ultrasonics, Metalworking Tool—Apr 30, ‘51, p85 

How to Mill Profitably with HSS Cutters, July 
23, ‘51, pl2l 

New Machine-Tool Types Make Axial-Flow Jets 
in Quantity—Aug 6, ‘51, p99 

“Beefed-Up” Floors Support New Tools—Sept 3, 
‘51, pl69 

Watch Seven Obvious Ways to Increase Your Out- 
put—Sept 17, ‘51, pl29 

Horizontal Drilipresses for Double-End Cutting— 
Oct 15, ‘51, p136 

High-Rake Cutter Prods Production—Noy 26, ‘51, 
pl25 

Multi-Spindle Automatic Reduces Job Time 70%— 
Nov 26, ‘51, p152 

New Equipment and Better Methods Triple Plont 
Capacity—Dec 10, ‘51, p135 

Contour Turning—When—How—Equipment—Tool- 
ing—Dec 10, ‘51, pl49 

Rebuilding A Boring Machine Pays Off—Jan 7, 
"52, pl42 

Increase Machine Capacity With Control Charts— 
Feb 18, ‘52, p13! 

Special Duplicators Speed Experimental Jet-Engine 
Blades—Mar 3, ‘52, pl66 

Plant-Wide Planning Stretches New-Equipment 
Dollars—Mar 17, °52, pll9 

When G&G Why A Special Machine—Mar 17, ‘52, 
p126 

How Ford Automates Production Lines—Mar 17, 
*52, p35 

Eight Ways To Grind Machine-Tool Ways—Mar 
31, ‘52, p88 

X-Ray Perfect—Apr 14, ‘52, p155 

Abrasive Belts Speed Production—Maor 2, ‘53, 
pl01 Part 1; Mar 16, ‘53, pl36 Part Il; Mar 
30, ‘53, pl06 Part Ill 


Tolerance Charts Control Production—Mar 2, ‘53, 
pll4 ni 

Space Machine Tools With Coordinated Optics— 
Mar 30, ‘53, p99 

How Dixie Powers Fighting Tanks—Apr 27, ‘53, 
pl44 

How to Pick the Right Machine Tool—June 8, 
‘53, pl76 

Engineers Must Consider Production Costs—July 
6, ‘53, pllé 

Special Machines Fabricate Jet Frames—July 20, 
‘53, pl32 

Are Machine Tools Too Elaborate?—Aug 3, ‘53, 
pi32 

We Buy Tools From Past Performance—Apr 14, 
‘52, pl74 

How to Balance A Machine Without An Expert— 
May 12, ‘52, p173 

How Ford Extends Automaticity to Engine Han- 
dling—June 23, ‘52, p113 

Men of “Parts” Watch Machines Work at Sylva- 
nia—Sept 15, ‘52, pl13 

Soft Steel and Ultrasonics Machine Carbides— 
Sept 15, ‘52, pl4l 

“Cc lative Sampling’ Boosts Shop Output 22% 
Sept 29, ‘52, p95 

Reduce Machine Vibration—Sept 29, ‘52, pi01 

Contour-Grinding Requires Equipment to Suit the 
Job—Sept 29, ‘52, p106 

Contouring with Heavy Machine Tools—Oct 27, 
52, pll4 

The Rising German Challenge—Dec 8, ‘52, p99 

how to Design And Apply Master Gears—Dec 8, 
"52, pl25 

How Ford Organizes Automation Programs—Feb 
2, ‘53, pl28 

How to Organize Production Processes—Feb 16, 
53, pl33 

Aircraft Gears Fast Accurately and Automatically 
—Feb 16, ‘53, pl38 

Economic Factors Must Govern Wheel Selection 
For Grinding Carbides—Feb 16, ‘53, pl65 

Pontiac Saves $100,000 Annually With A Tool- 
Control Program—Jan 8, ‘51, p85 

Spinning Head Sends Head Cost Spinning—June 
25, ‘51, plo0s 

Stamped Circuits Take Perspiring out of Wiring 
—July 9, ‘51, pl42 

How to Control Coordinate Tolerances—Oct 13, 
‘52, pl66 

Refining Methods Save 45%—Mar 5, ‘51, pl10 

How to Select a Mechanical Press—June 12, ‘50, 
plol 

How to Design Automatic Stops for Dies—June 
26, ‘50, p80 

Five Benefits of Die Interchangeability—June 26, 
‘50, pl0o 

Small Short-Run Ports Made by Rubber-Die Proc- 
ess—Aug 21, ‘50, p!02 

Compound Dies Make Accurate Parts—Aug 21, 
"50, p22 

Press Reconditioning Pays Off—Sept 4, ‘50, p124 

Hammer Isolation Proves its Worth—Oct 16, ‘50, 
p36 

Cored Forgings Cut Production Costs—Oct 1, ‘51, 
p40 

New Investment Casting Foundry Features Latest 
Techniques—Jan 7, ‘52, p1l28 

How to Roll Back Forming Costs—Maor 17, ‘52, 
p52 

Nibbling Die Slides Away From High Costs—Aug 
18, ‘52, pl29 

Non-Destructive Testing Reveals Casting Defects 
—Mar, ‘53, pll7 

Production Induction Unit Hardens Ports at Travel 
Rate 6-ips—Jan 9, ‘50, p154 

Air Gages Aid Quality Production—Apr 17, ‘50, 
p73 

Which Power Source for Plating—June 12, ‘50, p90 

How to Cut Heat-Treat Costs—July 24, ‘50, p134 
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Electronic Gages Solve Various Problems—Sept 18, 
“50, p95 

Plating-Room Layout Cuts Power Losses—Oct 16, 
50, pl35 

Modernized Heat-Treat Unit improves Quality, 
Cuts Costs—Jon 8, ‘51, p96 

Recording Voltmeter Checks Weld Quoality—Apr 
14, ‘52, p158 

How to Maintain Heat-Treating Equipment—Oct 
13, ‘52, pl35 

How Round Is Round—Noy 10, ‘52, pi24 

What to Do About Certifying Your Induction 
Heater—Mar 16, ‘53, pl44 

Shop Vibration Can Ruin Quality—May 29, ‘50, 
p94 

Here Is Cost-Cutting Thot Really Works—June 12, 
“50, pl09 

Disaster Control—Nov 13, ‘50, p127 

You Can’t Be Half Hearted About Modernization 
—Apr 16, ‘51, pl47 

How to Make Quality Control Work—Apr 30, ‘51, 
p99 

Modern Production-Control Methods—May 14, 
‘51, pl29 

Small Shops Must Adopt Good Methods—June 11, 
‘51, pl34 

Plant Protection—July 23, ‘51, p135 

$10 Buys a Lot of Disaster Protection—July 23, 
‘51, pl48 

Planned Handling Licks Building Handicaps—Aug 
20, ‘51, p98 

Watch Air Pressure—Sept 3, ‘51, p162 

“Brain Platform’ Sparks Fully Conveyorized Plant 
—Nov 26, ‘51, p130 

Before You Improve Materials Handling, Ask 
Yourself: Is This Trip Necessary?—June 9, ‘52, 
p143 

How Aluminum Bonding Is Keyed to Production— 
July 21, ‘52, pl08 

Better Handling Saves Building Space—Dec 8, ‘52, 
p136 

Every Man His Own Inspector—Every Foreman His 
Own Boss—at Groflex—Feb 2, ‘53, p95 

Re-Layout Better Handling, Improved Methods— 
Mar 16, ‘53, pl63 

Conveyorized Lines Speed Delivery of 105-mm 
Shell—Apr 13, ‘53, pl69 

“Plant Frills Proved Practical’’—July 20, ‘53, 
pis 

How to Revamp a Modern Plant—aAug 3, ‘53, p121 

Parts Conveyor Cuts Plant Congestion—Sept 18, 
‘50, p127 

Right Layout and Good Handling Cut Overhead 
10%—May 29, ‘50, p65 

Mechanical Hands Carry Bors For 33% Less—Apr 
16, ‘51, pl33 

Even Unskilled Operators Set Up Their Own Ma- 
chines—Jan 5, ‘53, pl09 

How to Cut Your Fork-Truck Costs—Mar 2, ‘53, 
p07 

How to Control Shop Costs—Mor 16, ‘53, pl47 

Three-Step Plan Trains New Supervisors—Mar 16, 
53, p70 

Cost Analysis Aids Douglas Foreman—Apr 13, 
"53, pléée 

Rx Fitted Glasses Protect More Than Eyes—Apr 
13, ‘53, p92 

Should You Buy Tool-Design Work Based on Com- 
petitive Bids?—Apr 27, ‘53, p134 

Integrate Materials Handling With Management— 
May 11, ‘53, pl44 

Fatigue—How to Measure It and Reduce iIt—May 
25, ‘53, p30 

How To Measure Machine-Tool Vibration—July 6, 
53, pl4! - 3 

Autorouting Conveyor Cuts Costs in Six-Floor 
Plant—July 6, ‘53 pl48 

Mechanized Dip Soldering Makes Better TV Sets 
—Aug 17, ‘53, pl04 

New Classroom Methods Keep Trainees Off Piant 
Floor—Aug 17, ‘53, pl10 








cs 


Abbey Etna Company .. B103 
Abrasive Machine Tool Co. B118-119 
Accurate Bushing Co. C32 
Acme Broach Corporation B174 
Acme-Danneman D58 
Acra-Ment Div., Myer Corp. ..E21 
Advance Products C54 
Affiliated Machine & Tool Co. ..D58 
Air Conversion Research Corp. _B159 
Ajax Manufacturing Co. D25 
Allegheny Ludlum Steel Corp. ..H22 
Allen, Alva F. ~—'s ee 


Allied Products Corp. 
(Richard Bros. Div.) C22 


Allmetal Screw Products Co. .. H44 
American Sip Corp. B154-155 
American Steel & Wire 
Division oie S 
American Steel Foundries 
Eimes Engineering Div. ..D45 


American Steel Foundries 

King Mach. Div. B105 
American Tool Works 168-169 
Ames Co., B. C. ..E12 
Ames Precision Machine Works. E20 
Amplex Div., Chrysler Corp. H45 
Armstrong Blum Mfg. Co. .. 166-167 
Armstrong Bros. Tool Co. C45 
Aro Equipment Corp. ...F19 
Arter Grinding Machine Co. B1i26 
Atlantic Refining Co. B124 
Atlas Press Co., Clausing Div. .. B66 
Attapulgus Clay Co. 

(Speedi-Dri Corp.) 117 
Austin Industrial Corp. 

Sub. of Nichols Morris Corp. B181 
Avey Drilling Machine Co. B73 


.H14-17 


Babcock & Wilcox Company H43 
Baldwin-Lima-Hamilton 

Corp. B90-91, D47 
Barber Colman Co. B92-93 
Barker Engineering Co. ..B178 
Barnes Co., W. F. & John. .B152-153 
Barnes Drill Co. B139 
Barry Corp. I9 
Baush Machine Tool Co. B83 


Bay State Abrasive Products 
Co. oie -= eee 


Belvidere Chamber of 
Commerce 


Bethlehem Steel Co. 
Blake Co., Edward 
Blanchard Machine Co. 


. .D38-39 
..B149 
..B176 

B131 


Bliss Co., E. W. 
Bodine Corp. 

Boice Crane Co. 
Boyar-Schultz Corp. . 


Braun Gear Co. .. 5 ha SOR 

Bridgeport Machines, Inc. 

Bryant Machinery & Engrg. 
Co 


..B102 


. B88-89 
_B182, Ds4, D56 
B161 
B52-53 
B185 


Buffalo Forge Co. 
Buhr Machine Tool Co. 
Bullard Co. 

Burr & Son Inc., John T. 


Cc 


Cadillac Gage Co. .. M11 
Cadillac Stamp Co. .... , D832 


Carboloy Co. (General 
Tools) .. : C15-18 


Carlton Machine Tool Co. B172-173 
Carpenter Steel Co. 
Carroll & Jamieson Machine 

Tool Co. B180 
Chambersburg Engineering Co. D20 
Chandler Tool Co. C56 
Chisholm Moore Hoist Div. 110 
Cincinnati Bickford Tool Co.. B60-61 
Cincinnati Gear Co. H44 
Cincinnati Gilbert Machine 

Tool Co. cig .. B98-99 
Cincinnati Lathe & Tool Co.. .B46-49 


Cincinnati Milling Machine Co. 
Insert bet B68 & 69 


Cincinnati Milling Machine 

Grinding Wheel Division C21 
Cincinnati Milling Machine Co. 

Hydroform Div. D32 
Cincinnati Milling Products Div. 

Cincinnati Milling Machine 

Co. B143 
Cincinnati Shaper Co. R86-87, D26-29 
Clair Manufacturing Ce., Inc. ..C56 
Clark Equipment Co. 

Ind. Truck Div. vy ill 
Clark Instrument Co. £10 
Cleereman Machine Tool Co.. B88-89 
Cleveland Automatic Machine 

Co. .. B56 
Cleveland Crane & Engineering 

Co. D36-37 
Cleveland Punch & Shear 

Works Co. 

Cleveland Twist Drill Co. 
Insert facing C52 
Columbia Div., Lodge & 

Shipley Co. cin Cee 
Columbia Geneva Steel 

Division H14-17 


Columbus Die Tool & Machine 
Co. C36 


D40-41 


Columbus-McKinnon Chain 
Corp. 

Commercial Shearing & 
Stamping Co. 

Comtor Co. 

Continental Tool ‘Works Div. 
Ex-Cell-O Corp. 

Coromant Div., Sandvik 
Steel, Inc. 

Coulter Machine Co., James 

Covel Manufacturing Co. 

Cross Co. 

Curtis Machine Corp. 

Cutting Tools, Inc. 


Danneman Die Set Div. 
Acme-Danneman 


Davis Keyseater Co. . , B187 
Detroit Reamer & Tool Cc. ....C27 
Detroit Stamping Co. ...,CS59 
DeVlieg Machine Co. ...B168 
Di Machine Corp. ete ee 
Dollinger Corporation B106 
Donley Products, Inc. C54 
Dreis & Krump Mfg. Co. ......D57 
Drillunit, Inc. ..B160 


DuPont de Nemours & Co., Inc. 
Electrochemicals Dept. 


Dykem Co. 182, C58 


Economy Engineering Co. 

Edlund Machinery Co. 

Elastic Stop Nut Corp. . 5 ae 
Electric Furnace Co. 


Ellstrom Standard Div. 
Dearborn Gage Co. E16 


Elmes Engineering Div. 
; American Steel Foundries D45 


Elox Corp. of Michigan .B74 
Empire Tool Co. ee Cae 
Engelberg Huller Co. B162 
Engis Equipment Co. .. 172 
Enterprise Machine Parts Corp. 116 


Errington Mechanical 
Laboratory ..C43 


Euclid Crane & Hoist Co. 113 
Ex-Cell-O Corp. 163, B84-85, C25 


Federal Products Corp. ........E6-7 
Fellows Gear Shaper Co. ....B76-77 
Fitchburg Engineering meres ay: 
Foote Burt Co. 

Fosdick Machine Tool Co. 
Fox Engineering Co. ...... 


, _B62- 63 
..B178 
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This index is published as a convenience to the readers. Every care is taken to make it 
accurate, but AMERICAN MACHINIST assumes no responsibility for errors or omissions. 


Frasse, Peter A. .. 
Fulmer Co., C. Allen.. 


G 


Gardner Machine Co. 

Gear Grinding Machine 
Company 

Gear Specialties, Inc. ..... ..H34 

Gerotor May Corp. 2 . H30 


Giddings & Lewis Machine Tool 
Co. Insert bet B100 & 101 


Gleason Works B39-42 
Goodrich Hydraulics i. C54 


Goss & de Leeuw Machine 
Co. 


Govro Nelson Co. 

Grant Gear Works, Inc. 

Gray Co., G. A. . 

Gray & Prior Machine Co. 

Gray Mills Co. 

Greaves Machine Tool Co. 

Greenfield Tap & Die Corp. 

Insert facing C44 
B125 


B101, C19 


Greenlee Bros. 


H.E.B. Machine Tools, Inc. B135 
Hanchett Magna Lock Corp. . C44b 
Hardinge Brothers, Inc. B80, C23 
Harman Associates, F. Ward 116 
Harnischfeger Corp. ..F20, F22, F24 
Hassall Inc., John H49 
Hayes Inc., C. I. ; ..G17 
Haynes Stellite Co., Div. Union 
Carbide & Carbon Co. H25 
Heald Machine Co. B38 
Heim Company H46b 


Heller Machine Co. B94-95 
Henry & Wright Div. 
Emhart Mfg. Co. D30-31 


Hirschmann Co., Carl B175 
Hoggson & Pettis Mfg. Co. D54 
Holcroft & Co. G10 
Horton & Son Co., E. C57 


Hyatt Bearings Div. 
General Motors Corp. H29 


Industrial Metal Pdts. Corp. 
Ingersoll Rand Co. 


’ J 
Jergens Co., J. G. 


Johansson Gage Co., C. E. 
Div. Swedish Gage Co. 


Johnson & Bassett, Inc. .. 
Johnson & Son, Inc., S. C. 


Jones & Lamson Machine Co. 173 
Jones & Laughlin Steel Corp. ..H21 


K 


Kaukauna Machine Corp. B142 
Kaupp & Sons, C. B. ..D51 


Kearney & Trecker Corp. 
Insert Let B136-137 


Kennametal, Inc. ak aa 
Kent-Owens Machine Co. B96 


King, Andrew E18 
King Machine Tool Div. 


American Steel Foundries. . 


Kingsbury Machine Tool 
Coen; ....B114-115 


Knight Machinery Co., 
W. B. 


B105 


..B184, C51 


Krueger-Barnes Corp. B163 


L 


Lake Erie Engineering Corp. D42-43 
Lamina Dies & Tools, Inc. C34 
Laminated Shim Co., Inc. 114 
Landis Tool Co. B44-45 
La Salle Steel Co. 175 
Latrobe Steel Co. H27 
Leach Machinery Co., Inc. B160 


LeRlond Machine Tool Co., 
R. K. B107-111 


Lees-Bradner Co. B58-59 
Lehigh Foundries, Inc. H41 
Lima Electric Motor Co. H24 
Lincoln Electric Co. F23 


Linde Air Products Co., 
Div of Union Carbide 
& Carbon Corp. C24, F16 


Linley Bros. Co. B184 
Lipe-Rollway Corp. C20 
Littell Machine Co., F. J. 46 
Livingstone Engineering - G13 
Lodge & Sh‘pley Co. D24 


M 


Mackintosh Hemphill Co. 
Macklin Co. 
Madison Mfg. Company 
Mahon Co., R. C. 
Malayan Tin Bureau 
Manheim Mfg. & Belting 
Company 
Marac Machinery Corp. 
Marlin-Rockwell Corp. 
Martin, K. .. 
Maschinenfabrik Lorenz A. G. 
Mattison Machine Works 
Maxwell Co. 
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M. B. I. Export & 
Import, Ltd. B150-151 


Merz Engineering Co. . E14-15 
Metal Treating Institute G15 
Michigan Tool Co. .... ...B8l 
Micromatic Hone Corp. ........B51 
Miller Fluid Power Co. ........H33 
Milne & Co., A. .H36 
Minster Machine Co. D49 
Mitts & Merrill B176 
Modern Machine Tool Co. B176 
Mohawk Tools, Inc. Di tea 
Moline Tool Co. B180 
Moore Special Tool Co., fac. B136 
Morey Machinery Co., Inc. .. 183 
Morris Machine Tool Co. .. B141 
Morton Machine Works .. C38 
Morton Manufacturing Company 178 


Motch & Merryweather 
Machinery Co. B128-129 


Mueller Brass Co. oe dy ae 
Murphy Co., Joseph E. ..B160 
Murray-Way Corp. ; ..... B69 
Mutual Engineering Service E20 


National Acme Co. 


National Broach & Machine 
Co. Kiba B132 


National Conveyor Co. ...... 114 
National Machine Tool Co. B182 


National Screw & Mfg. Co. 
Chester Hoist Div. 112 


Nebel Machine Tool Co. ..B144-145 
Nelco Tool Co. 3. oe ae 


Niagara Machine & Tool 
Works . .D22-23 


Nichols-Morris Corp. ia} Ses 
Nilson Machine Co., A. H. .....D44 


North Bros. Mfg. Co. ....C€40 
Norton Co. : 


B54-55, Insert bet C28 & 29 


oO 


Oliver Instrument Co. 
Onsrud Machine Works, Inc. 
Orban Co., Inc., Kurt.. 
Osborn Mfg. Co. 


P 


Perkin Elmer Corp. 
Perkins Machine Co. 
Peters Dalton, Inc. 
Philadelphia Gear Works 
Pivot Punch & Die Corp. 
Planet Corp. 

Porter Cable Machine Co. 


B116-117 





Precision Castings Co., Inc. 
Insert bet H30 & 31 
Producto Machine Co. .C31 


Me 

Rankin Bros. B187 
Reed Rolled Thread Die Co... B140 
Reid Brothers Co., Inc. . B82 
Remington Rand, Inc. ; 179 
Republic Steel Corp. ..161 
Rickert Shafer Company . CS2 
Rivett Lathe & Grinder, 

Inc. B158, B166 
Rocheleau Tool & Die Co. ....C50 
Rockford Machine Tool Co. .B134 
Rogers Machine Works 5 it 
Roto Finish Co. ..G14 
Russell, Holbrook & monmveares 


Inc. 
Ruthman Machinery Co. B100 


Ss 


S$ & S Machinery Co. B177 
Sahlin Engineering Co. D21 
Sales Service Machine Tool Co. D48 
Sciaky Bros., Inc. F17 
Scott Paper Co. B70-71 
Seneca Falls Machine Co. .. B112-113 
Severance Tool Industries, Inc. .C53 
Service Machine Co. D56 
Sheffield Corp. B75 
Sheldon Machine Co., Inc. .B169 
Shore Instrument & Mfg. Co. ..E18 
Sidney Machine Tool Co. B43 
Simmons Machine Tool Corp. ..B146 
Simpson Electric Co. ... E19 
Size Control Company, Div. 

American Gage & Machine Co. E19 
Snyder Tool & Engineering Co. . B67 
Somma Tool Co., Inc. C34 
Speedi-Dri Corp. 117 
Stahl Gear & Machine Co. .H40 
Standard Electrical Tool Co. ..C55 
Standard Parts Co. C40 
Steelweld Machry. Div., Cleveland 

Crane & Engineering ‘Co. ..D36-37 
Sundstrand Machine Tool 

Cc B170-171 


0. 
Sweet’s Catalog Service Div., 
F. W. Dodge Corp. 174 


T 


Taylor Winfield Corp. F20 
Tennessee Coal & Iron Div. H14-17 
Texas Co. 184 
Thompson & Son Co., 

Henry G. C44 
Timken Roller Bearing Co. 

(Indus. Div.) 165 
Titan Metal Manufacturing Co. 

Insert snes on 

Tomkins Johnson Co. C14 
Towmotor Corp. 18 
Tracerlab, Inc. E20 
Tri-Clover Div., Ladish Co. H31 
Twin Disc Clutch Company H35 


Union Carbide & Carbon 

Cor C24, F16, H25 
1 oe Surke Machine Tool 
. S. Steel Co. 


S. Steel Export a a 
United States Steel Corp. ... 
4 S. Steel Supply Div. 

S. Tool Company, Inc. 
United Tool & Die Co D5 
Utica Drop Forge & Tool Corp. F25 


Vv 


V & O Press Div. 
Emhart Mfg. Co. 
Vaill Engineering Co. 

Van Keuren Co. 


WwW 

Wade Tool Co. .. 
Walker Co., Inc., Oo. Ss. 
Walker Turner Div. 

Kearney & Trecker Corp. 
Walsh Press & Die Co. 
Waltham Machine Works...... 
Weldon Roberts Rubber Co. 
Wells Mfg. Co. 
Whitman & Barnes, Inc. 
Whitnon Mfg. Co. 
Willey’s Carbide ‘Tool Co. 
Williams White & Co. .. 
Wilson Automation Co. 
Wittek Mfg. Co. .. 
Ltt apy Tool Co. 
Wood Co., R. D. 
Wyckoff Steel Co. 


Z 


Zagar Tool Inc. B148, C28 





SEARCHLIGHT SECTION 
(Classified Advertising) 


H. E. Hilty, Mer. 


Aaron Machinery Co. 
Acorn Iron & Supply Co. 
Ajax Machinery Co. bit 
Balcher Machinery Co. 
Ball Machinery Co. 
Beal & Co., Joseph... 
Botwinik Bros. of Mass Inc. 
Brooklyn Steel Warehouse Co. 
Brown & Stuart Co. 
Carlson Machinery Co. 
Cincinnati Machinery Co., Inc. 
Colson Equipment Co. 
Currier Machine Sales. . 
Daley & Sibley 
Dony Machinery Co., D. E. 
Eastern Machinery Co. . 
Electric Equipmert Co. 
Emerman Machinery Corp. 
Falk Mill Supply Co. 
Graff Machine Tool Co. 
Hall, A. O. 
Holtzman & Son Machinery Co. 
Horn Machinery Co. J25 
Hughes Co., Arnold ji4, j22, + 
Hyman & Son, Joseph Ji4 
Kings County Machinery 

Exchange ...J10 
Illinois Machinery Co. 26 
Indianapolis Machinery & Supply 

10 


o. 
International Machinery Co. ....J14 


Interstate Machinery Co., Inc. 

Johnston, Tom ... : ‘ 

Lafayette oe Corp. 

Luria Bros. & Co., I 

~— & Electric "Motors 
° 


MacKenzie Machinery Co 
Midwestern Machinery Co. 
Miles Machinery Co. .... 
Motch & Merryweather 
Machinery 
Municipal Tool & Machy. ‘Co. 
National Machinery Exchange 
National Surplus Sales Co., The a 
O’Brien, Clarence .. ’ 
O’Connell Machinery Co. 
Paul’s Machinery Co. 
Price Machinery Co., Allen F. 
Production & Equipment Co. 
Republic Machinery ... 
Rice & Co., Inc., Robert W. 
Samson Machinery Co. ... 
Stahl Equipment Co. ... j2 
State Machinery Co., Inc., The 8 
Smith Machinery Sales, Ed. 
United Machinery and Tool 
Corp. 
Victor Machinery Co. 
so, wohl Machinery Co., 


Winston Machinery Co. 
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Abrasives 
Coated—C4! 
Diamond—C4| 
Disce—Cl9, C4l 
Segment—C4| 
Wheel—iInsert between B68-69, Insert be- 
tween C28-29, C29, Insert facing C53 


Air Motors—H4! 


Aluminum & Aluminum Alloys—Insert facing 
H46, H47 


Arbors—Insert between B68-69, Insert be- 
tween B136-137, BI50-151 


Arc Machining—B74, B88-89 
Assembly Machines—B138, B149, C52, D5! 
Automatic Press Room Equipment—! 70-171 


Balers, Scrap Metal—D42-43 
Bar Feeds—C20 


Bearings 
Ball—H20, H46b 
Roller—165, H29, H46b 
Self-Lubricating—H45 
Sleeve—H45 


Bending and Forming Machines 

Bending Rolls, Bar & Shapes—D22-23, 
D40-41, D54 

Bending Rolls, Sheet & Plate—D40-41 

Bending Machines, Pipe, Tube & Bar— 
BI03, D45 

Power Bending Brakes—-B86-87, D22-23, 
D36-37, D57 

Spinning, Automatic—D32 

Spinning Lathes—D24, D5! 


Boring Bars & Heads—Insert between BI00- 
101, BI02, BI68, C33, C45, C48, C56 


Boring Machines 

Horizontal Boring & Drilling—B67, B84-85, 
B98-99, Insert between BI00-101, BI4I, 
B142, Bi68, BI80 

Horizontal Boring, Drilling & Milling—180, 
B52-53, B67, B98-99, Insert between 
Bi00-101, BI27, BI41, Bl46, BI50-151, 
BI 68 


Internal—B38 

Jig Boring, Horizontal & Vertical—i80, 
B62-63, B88-89, B102, BI36, Insert be- 
tween B136-137, BI50-151, BI54-155, 
Bi67, BI75, BI84 


Precision, Horizontal & Vertical—180, B84- 
85, Insert between BI00-101, BI02, In- 
sert between B136-137, BI4!1, BI80 

Vertical Boring Mills, including Vertical 
Turret Lathes—B52-53, B67, B90-91, 
B98-99, Insert between BI00-101, BI05 


Brass & Bronze—H26, Insert facing H46 
Brazing Equipment & Supplies—F16, FI7 
Broaches—163, BI74, C25 


Broaching Machines 
Horizontal Internal—B174 


Horizontal Surface—Insert between B68- 
69, BI74 

Vertical Internal—B174 

Vertical Surface—Bé68, Insert between Bé8- 
69, BI74 


Burs—C53 
Bushings—C54, H26, H45 


Cc 


Calipers—E6-7, E17, E20 
Cams—H45 
Carbides—H22 


Castings 
Die—Insert between H30-31, Insert facing 
H46 
Precision—H25 
Catalog Services—174 
Centering Machines—B67, B94-95, BI 12-113, 
BI28-129 


Chip Collection Systems—See Conveyors, 
Chip 


Chucks—C23, C49, C57 
Clamps—C38, C40, C45, C50, C56, C59 
Cleaners, Steam Jet—G12 


Cleaning Equipment 
Party Washing Machines—GI| 
Tumbling Barrels—GI4 


Clutches—H35 


Collets—B56, Insert between B68-69, Insert 
Between B136-137, B166, C23 


Combined Operations Machines—B1I49 


Controls 
Hydraulic—H39 


Conveyors 
Chip—I14, 115 
Floor—I14, 115 
Overhead—I!4, I15 
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Coolants, Wax—B147 
Copper & Copper Alloys—H26 
Counterbores—C25, €27, C30, C42, C48, 
Insert facing C52 
Countersinks—C25, C27, C30, C42, C53 
Cranes, Overhead Traveling—F20, F22, F24, 
110, 113, 115 
Cutoff Blades & Holders—i78 
Cutoff Machines 
Abrasive Disc—BI60, FI8 
Bandsaws—! 66-167, B183, C44, FI8 


Hacksaws—! 66-167, BI8I, C44 
Rotary, Cold—B94-95, BI28-129, BI76 


Cutting Fluids—i84, Insert between B68- 
69, BI24, BI43, BI47, BI59 


Cutting Fluid Systems—BI59, BI85 


Cylinders 
Hydraulic—Cl4, H33, H39, H4! 
Pneumatic—Cl4, H4l 


Demagnetizers—Insert facing C45, C49 


Diamond Wheels—C4I 


Die Casting Machines 
Cold Chamber—B56, D42-43 
Hot Chamber—B56, D42-43 


Die Heads—173, BIl6-117 
Die Making Machines—B137 
Dies & Die Sets—C22, C31, D50, D58 


Die Sinkers (Except Engraving) & Dubpli- 
cators—BI57, Insert between B68-69, 
C26 


Dies, Thread Rolling—173, BI16-117 
Dies, Threading—!73 

Disintegrators, Metal—B74 
Dissociators, Ammonia—G17 


Dividing Heads—Insert between B68-69, 


Insert between B1I36-137, C54 


Dressers—B75, BI36 
Drill Jig Bushings—C32 


Drilling Attachments—B102, BI27, C43, 
C58 


Drilling Machines 

Automatic—B62-63, B67, B72, B83, B8R- 
89, Bl12-113, Bi4i, BI48, BI49, Biél, 
B163, BI80 
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Drills—B67, B83, B152-153, 


Deep-Hole 
Bi63, BI80 

Multi-Spindle Cluster, Adjustable & 
Fixed Center—i80, B67, B83, BI25, 
Bi4!, Bi48, BI49, Biél, BI78, BI80, 
C43 

Radial—168-169, 180, B52-53, B57, Bé0- 
61, B62-63, B66, B68, B94-95, B98-99, 
Bi4i, Bi42, BI50-151, BI72-173 

Sensitive—B57, B62-63, B68, BI27, BI4l, 
B182 

Unit Head & Way Type, Multi-Spindle— 
B57, B67, Bé8, B83, Bli4-115, BI25, 
Bi48, B152-153, B160, B163, BI78, BI80, 
BI82, C58 

Upright—B83, B88-89, B94-95, B102, BI33, 
BI82 

Upright, Gang—B57, B68, B73, B88-89, 
B94-95, BI27, Bi4!, Biél, BI76 

Upright, Single Spindle—B57, B60-61, 
Bé8, B73, B88-89, B94-95, BI27, BI67, 
BI76 

Drills—Bi48, C30, C33, C35, C42, Insert 
facing C52, C58 
Drives 
Fluid—H35 
Variable Speed—H24, H46 


Duplicating Attachments—B1I02 
Dust Collectors—GI | 


Electro-Erosion (Electric Discharge & Ultra- 
sonic )—B75 


Electrodes—F1l6, F20, F22, F23, F24 
Engineering & Production Services—D50 
Extrusions—H22 


Fasteners 


Bolts—C40, H44 
Nuts—H23, H24 
Screw—H44, H49 
Special—H23, H44, H49 
Feed & Ejector Devices—insert between 
Bé8-69, C20, D55, D58 
Feed Fingers—C23 
Feeds, Press—D2!, D34-35, D55, D58 


Files—C53 

Filters—B69 

Finishing Systems—G9 

Fixture Clamps—C38, C40, C56, C59 
Floor Drying Compounds—I17 


Forging Machinery 
Forging Machines, (Headers) and Rolls 
—D25 


Hammers, Gravity Drop—D20 
Hammers, Steam or Air—D20 


Forgings—H26, Insert facing H46 
Form Tools—I63, C25, C34, C45 


G 


Gage Blocks—E8-9, El6, El7 


Gages 
Air—E6-7, E17 
Bore—C33, E6-7, E10, El7, E19, E20, E21 
Dial—E6-7, E12, E14-15, E19, E20, E21 
Electric—E6-7 
Electronic—-E6-7 
Plug & Ring—E8-9, Ell, E13, E17, E19 
Snap—E6-7, Ell, E17, E19, E21 
Thread—E6-7, E8-9, Ell, EI7, EI? 
Other—E6-7, Ell, E17 
Gas Welding Machines & Equipment— 
Fi6é, F20, F22, F24 
Gear Cutting & Finishing Machines 
Bevel Gear Cutters—B839-42, B57 * 
Burnishing & Lapping—B72, B8I 
Champfering, Tooth Pointing, 
Rounding—B72, B75 
Cutters, Form-Milling Type—B8! 
Gear Checking Machines—B39-42, B57, 
B76-77, BS! 
Grinders, Gear—B39-42, B57, BI22 
Hobbing Machines—B57, B58-59, B8I, 
B92-93, BI65 
Shapers, Gear—B57, B76-77, B8!I, BIé5 
Shavers, Gear—B76-77, BSI, BI32 
Spline Rolling Machines—B8! 
Gear Motors—H46 
Gears—B83, H32, H34, H40, H42, H44-45, 
H46 
Generators, Furnace Atmosphere—G17 
Grinding Machines 
Abrasive Belt (Not Polishing) —B69, B162, 
Bi87 
Bench, Floorstand & Snag—-BI3!, BI87 
Centerless—B44-45, B57, Insert between 
B68-69, Bi62, BI87 
Centerless, External—Insert between B68- 
69, BI87 


Tooth 


Centerless, Internal—B38, BII8-119 

Disc, Horizontal & Vertical—B50, BIO!, 
BI87 

Drill, Tap & Flute—B57, BI37, BI85, 
BI86 

External Cylindrical, Plain & Universal— 
180, B44-45, B54-55, B57, Insert be- 
tween B68-69, BI22, BI26 

Internal Cylindrical, Plain, Tool Room & 
Universal—180, B54-55, B57, B75, BI22, 
Bi26, BI37, BI58 

Jig—B62-63, BI36 

Surface—B38, B50, B57, B68, B69, B82, 
Bi04, BIli8-119, BI26, Bi3!, BI50-151, 
Bi60, BI87, C56 

Surface, Reciprocating Type—I62, B50, 
B82, BII8-119, BI31, BI50-151, BI60 

Surface, Rotary Table Type—162, B50, 
B104, BI26, BI3I 

Tool & Cutter—162, BI37 


Grinding Wheels—lInsert between Bé68-69, 
C21, Insert between C28-29, C29, C41 
Guide Pin Bushings—C22, C34 


Handles & Knobs—C38 
Hardness Testers—E1!0, E17, E18, E20 
Hard Surfacing—C24 


Heads 
Drilling—B148, C28, C43 
Grinding—C50 
Milling—B102 
Tapping—BI16-117, BI4!, BI48, C28, 
C43 


Hoist 
Chain—F20, F22, F24, 110, 112 
Electric—F20, F22, F24, 110, 112 
Pneumatic—FI9, H41 


Holders, Tool—B56, C27, C40, C45, C48 
Hones—182, C4! 


Honing Machines 
External & Surface—B5!, BI39 
Internal—182, B51, B67, BI39, BI60, BI80 


Hydraulic Presses 

Extrusion—D42-43, D53 

Forging—D42-43 

Horizontal—D42-43, D45, D53 

Hydroforming—D32, D5! 

Other, (Including Hydro-Pneumatic)— 
D42-43, D45, D53 

Vertical, Double & Triple Action—B90-91, 
D42-43, D45, D53 
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Vertical, Single Action—B90-91, D42-43, 
D45, D53 


Industrial Trucks Power Driven 
Lift (Rider Type) —I8, II! 
Power Hand Truck—I8, III 
Truck Straddle Carrier—I! 1 
Truck-Tractor—I8, I11 


Industrial Wipers—B70-71 


Jacks—I/ I 
Jaws, Chuck—C38, C57 


Jigs & Fixtures—B96, C23, C26, C28, C32, 
C33, C36, C38, C50, D50 


K 


Keyway Cutter—B187 


Lapping Machines 
External—B54-55, Insert between B68-69 
Internal—182, B1I60 
Surface—B54-55 


Laps—182 


Lathes 

Automatic—B! 12-113, BI70-171 

Automatic Bar Machines (Multi-Spindle) 
—B57, Biié-117, BI25, Bi4! 

Automatic Chucking, Horizontal & Ver- 
tical—173, B57, B67, B80, BII6-117, 
BI25, BI35, BI50-151, Bi5é6 

Automatic Screw Machines (Single Spin- 
dle) —B56, B57, BI16-117, BI75 

Bench & Floor, Light Duty—B57, B66, 
B80, BI07-I11, B130, BI35, BIl66, B1469, 
BI77, Bi79 

Crankshaft—B107-111, BII2-113 

Engine, Heavy Duty, Including Toolroom, 
Manufacturing, Automatic Form & Gap 
— 168-169, B43, B46-49, B67, B80, B90- 
91, BlO7-111, Bi30, BI35, BI44-145, 
Bi46, B150-151, B157, BI66, BI77, BI79, 
BI80 


Gun & Shaft Boring—BI07-I11, BI74 
Right Angle—B107-1 11 


Turret 
Ram Type & Hand Screw—173, B80, 
Bi50-151, Bl6é6 
Saddle Type—!73 
Layout Fluid—i82, C58 


Live Centers—C27 
Loading-Unloading Devices—D2! 


Magnetic Chucks—lInsert facing C45, C49 
Magnetic Separators—H31 

Mandrels—Bi 50-151 

Marking Machines & Tools—D33, D54 


Material Heating Equipment 
Baking & Drying Ovens—GI!, GI5 
Flame Hardening—G!I2, GI5 
Heat Treating Equipment—B39-42, GI5 
Heat Treating Furnaces—GI0, G12, GI5, 
Gi7 
Induction Heatina Units—GI5 
Salt Baths—G1I2, GI5 
Stock Heating Furnaces—GI0, GI2, GI5 


Measuring Wires—E8-9 


Mechanical Presses, Power Driven 
Dieing Machines—D30-31 
Horizontal—170-171, D34-35 
Inclinable—B90-91, D22-23, D34-35, D40- 
41, D48, D49, D52, D56 
Vertical 
C-Frame—D22-23, D34-35, 
D48, D49, D52, D58, D59 
Deep Throat—D40-41, D52, D56, D57 
Forging—D25, D40-41, D52, D56 
Straight Side—DI8, D22-23, D36-37, 
D38-39, D40-41, D49, D52, D57 


D40-41, 


Metal Spraying Equipment—B159 
Micrometers—172, E6-7, E8-9, E12, E17 
Microscopes, Machine Tool—172, E18 


Milling Cutters—163, Insert between B136- 
137, Cl4, C25, C35, C47, C54 


Milling Machines 

Automatic & Manufacturing—170-171, 
177, B65, Insert between B68-69, B96, 
BI23, BI28-129, Insert between B134- 
137, BI50-151, Bilé4, BI69, BI70-171 

Bed (Lincoln) Type, Including Automatic 
Rise & Fall—i83, B123, Insert between 
BI36-137 

Bench Type—B57, B78-79, B80, B178, BIS! 

Hand—B57, Bé5, B96, BI69 

Knee Type, Horizontal—B57, Insert be- 
tween B68-69, B78-79, B80, B94-95, B96, 
Insert between B136-137 
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Planer Type—B94-95, B97, Insert between 
BI00-101, BI23, Insert between B136- 
137, Bi46, BI85 

Turret—B102 

Vertical—183, B57, B66, Insert between 
B68-69, B72, B78-79, B80, B94-95, B96, 
B102, BI23, Insert between BI36-137 


Mist Collectors, Oil & Smoke—BI06 
Motor Reducers—H24, H46 


Motors, Electrical 
Fractional—H24 
Integral—H24 


Multiple Diameter Tooling—C25, C42 


o 


Oil Reclamation Systems—I/4 
Optical Comparators—!73 


Optical Flats—E8-9 


Paint Equipment—G9, Gil, Gi2 
Pillow Blocks—H46B 
Pipe & Tubing—H43 
Planers 

Double Housing—B97, 


Bi00-101 
Openside—B97, Insert between B100-10! 


Insert between 


Plant Layout Services—I16 


Plastic Molding Machines 
Compression—D42-43 
Injection—B76-77 


Polishing & Buffing Machines 
Brushing—B72, G8 


Powder Metal Parts—H45 

Precision Parts & Assemblies—H45 
Presses, Powder Metal—D42-43, D47 
Presses, Turret Punch—D26-29 

Production Inventory and Tool Control—179 
Profiling Machines—164, 183 

Pulleys—H45 


Pumps 
Coolant—B100 
Hydraulic—H30, H39 
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Punches—C22, C32, C46 


Punching & Shearing Machines 

Bar & Angle Shears—D40-41, D53, D56 

Plate & Sheet Shears—B86-87, DI9, D22- 
23, D26-29, D36-37, D53 

Punching Machines—D40-41, D51, D56 

Rotary Shears Including Slitters—D22-23, 
D56 

Straightening 
D46 

Tube End Forming Machines-—B103, D45, 
D50 

Wire & Strip Forming Machines—D44 


Machines—D40-4], D45, 


Radiography—E20 


Reamers—163, Ci4, C25, C27, C30, C33, 
Insert Facing C52, C53, C58 


Reel Stands—D46, D55 
Riveting Machines—B184, Cl4, F2I 
Rod Ends—H26, H46B 


Rotary Tables—Iinsert between BI00-101, In- 
sert between B136-137, BI72-173, CS5I, 
C54 


Roughness & Waviness Measurement—E8-9 


Ss 


Sawblades—1 66-167, B94-95 
Sawing Machines Circular—B1I28-129 


Saw Sharpening Machines—B94-95, BI28- 
129 


Screwdriving Machines—F21 
Screw Machine Parts —H26 
Separators, Oil—I14 


Shapers 
Horizontal—B86-87, B102, B34, 
Bis! 
Keyseaters—Bi69, BI76, BI82, BI85 
Vertical, Including Slotters—BI8! 


Shapes, Rolled Formed—-G18-19, H14-17 


Single Point Tools—i63, C15-18, C25, C35, 
C39, C45, C58 


Slides—1 70-171 

Shims—I14 

Size Control—E6-7, E13, E14-15, E17 
Solvents—G | 3 


B69, 


Solvents, Degreasing—G13 


Sorting Machines—E6-7, E14-15 
Special Shapes & Sections—G14-17, G18-19 


Special Machines—!77, 178, B64, B67, In- 
sert between B68-69, B72, B75, B83, B84- 
85, B90-91, BI12-113, BI20-121, B123, 
BI25, BI28-129, Insert between BI36- 
137, Bi37, BI38, BI4i, Bi46, BI49, 
Bi52-153, Bil6é0, Biél, Bil6é3, BI70-171, 
BI75, BI78,-D21, D34-35 


Special Tools—Insert between B100-101, In- 
sert between B136-137, C25, C27, C30, 
C33, C36, C39, C42, C43, C48, In- 
sert Facing C52, C54 


Speed Reducers—H24, H42, H46 
Spindles—C52, C55 
Sprockets—H40, H42, H45, H46 


Steel 

Alloy—161, 175, H1I4-17, HI8-19, H22, 
H28, H43, H50 

Carbon—I6!, 175, HI8-19, H21, H22, 
H28, 143, H50 

Stainless—16!, H22, H28, H43 

Tool & Die—C37, HI4-17, H18-19, H22, 
H27, H28, H36, H50 


Superfinishing Machines—B57, B72 
Surface Finish Standards—E8-9, El! 
Systems, Control—i79, B103 


Tapping Attachments—B127, B150-151, 
Taps—B1I16-117, Insert Facing C44 
Testing Machines—E14-15 


Threading Machines 
Grinders, Thread—1i73, B75 
Hobbing & Milling—B57, B58-59, BI85 
Rolling Machines, Thread—BI16-117, 
BI40 
Tapping—B73, BII4-115, BI4l, 
Bi60, BI78, C43, C52, C58 


Thread Restorers—BI 16-117 
Thread Rolling Attachments—B140 
Tin & Tin Alloys—H38 


Tooling Set-Up Equipment—B98-99, BI67, 
C23, C40 


Tool Posts—C45 


Tools, Carbide—i63, Ci5-18, C25, C27, 
C30, Insert Facing C32, C35, C39, C45, 
C47, C48, C54, C58 


Tools, Hand—F25 


BI49, 


Tools, Portable Power 
Band Saws—F18 
Buffers—FI9 
Drills—F18, FI9 
Grinders—FI8, FI9 
Nut Setters—FI9, F2! 
Riveters—F21 
Sanders—F18, FI? 
Screw Drivers—FI9 
Wrenches—FI9 


Transfer Machines—B67, B72, B73, B83, 
B94-95, Bii2-113, BI25, BI28-129, In- 
sert between 8136-137, BI38, BI4l, 
BI52-153, Biél 


Traps, Magnetic—H31 


Universal Joints—B83, BI22, H48 


o 


V-Belts & V-Belt Drives—H37 
Vacuum Chucks—C49 


Valves 
Hydraulic—H39, H41 


Pneumatic—H41 
Vibration Control—I? 


Vises, Machine—166-167, BI02, BI50-151, 
C40 


Welding Machines 
Arc 
Automatic—1I78, FIé 
Motor Generator Set—F20, F22, F24 
Transformer—F20, F22, F23, F24 
Resistance 
Butt & Fiash—F20 
Projection—F20 
Seam—F20 
Spot-—D5!1, Fi7, F20 


Welding Positioners—F20, F22, F24 
Welding Rods—F20, F22, F24 
Weldments—H!8-19 

Work Devices—B! 12-113 
Wrenches-—C40, C45 

Wire & Cable—insert Facing H46 
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METALWORKING FACTS FOR 


BILLIONS OF DOLLARS 
oa 120 


> LE} == year of challenge 


METALWORKING PRODUCTION 


Prosperous but highly competitive year ahead 


1955 will be a year of the stiffest kind of competition. 
The easy times of 1951, 1952 and 1953 are at an end. 
There is no’ super-duper defense program to be piled 
on top of huge consumer demands for civilian goods to 
give the economy a boom. Metalworking is definitely 
down off the dizzy heights. 

But don’t overlook this significant fact: Metalworking 
production operated in 1954 at a level never before 
equaled except in World War II and in the Korean War 
period. The American Machinist index shows that as 
recently as October, Metalworking production was 147, 
with 1947-1949 taken as 100. That means that the num- 
ber of manhours worked has been 50% greater than 
the average in the three years from 1947 to 1949 

There is no good reason to believe that Metalworking 
will go into a tailspin in 1955. On the contrary, the year 
ahead looks very good if not spectacular. For one thing, 
there is a better than even chance that industrial pro- 
duction as a whole will match that in 1954 and it may 
even be a bit above it. If that happens, Metalworking 
will be up there too. 

Outlay for new plant and equipment — and that sig- 
nifies capital-goods expenditures — promises to be good 
the coming year. It may be a little under the 1954 total, 
but bear in mind that such investments in Metalwork- 
ing during 1954 ran above 1953, contrary to the trend 
in industry as a whole. Whereas a big chunk of capital- 


goods spending the past few years has gone for new 
buildings and new equipment facilities, more of it in 
1955 will be put into replacement and modernization. 

Aside from continued liberal investments in new 
plant and equipment, these factors stand out as aids 
in making 1955 a good metalworking year: 

1. New orders for machinery (except electrical) have 
been trending upward for several months, according to 
the McGraw-Hill Machinery Index. 

2. Consumer incomes, after taxes, are expected to be 
bigger the coming year than in 1954. This improvement 
will be felt in a strong demand for consumer durable 
goods, such as automobiles, household appliances and 
new housing. , 

3. New housing starts and construction in general 
should stay at near-record levels. That in itself will 
spark the sale of a variety of metalworking products. 

4. Business in certain metalworking industries—avi- 
ation and electrical apparatus, to name just two—will 
feel no letdown at all next year. Defense needs will 
support aviation, and expansion of power-generating 
facilities will insure an active year in heavy electrical 
goods. 

Altogether, it is fair to say that 1955 will not be 
among the boom years, but it should be high up on the 
list of years in which the metalworking industries have 
prospered. 
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MM METALWORKING Industry to spend $53 billion 
MAMURACTURING on new plant and equipment 


NON-MANUFACTURING 
" MILLION DOLLARS 


ACTUAL PLANNED 
1952 1953 1954 1955 1956 1957 


BILLION DOLLARS 





Steel 1,538 1,340 891 831 620 
Machinery ™m 803 694 748 686 
Electrical Machinery 376 481 461 359 310 
Automobiles 896 1,000 1,045 710 
Transport Equip (including aircraft) 253 168 160 80 20 
Food 785 818 764 690 607 
Chemicals 1,451 1,559 1,322 1,216 1,476 
Petroleum & Coal Products 2,59 2,762 2,796 2,804 2,625 
Textiles 400 351 290 341 334 
Other Manufacturing 2,927 2,994 2,603 2,311 2,368 
ALL MANUFACTURING 11,994 =12,276 ~=—s-11,332 (10,425 9,956 
Mining 880 1,011 1,030 1,003 672 661 
Railroads 1,391 1,312 840 949 990 970 
Electric & Gas Utilities 3,838 4,548 4,270 3,755 3,536 3,536 
Other Transp & Communication 2,961 3,158 2,809 2,072 1,921 1,904 


Sim we PIR ats is Se ss ALL INDUSTRY 21,064 = 27,305 920,772 18,204 = 17,214 17,027 
1951 1952 1953 1954 1955 1956 1957 





. Sine « Source: US Dept of Commerce; McGraw-Hill, Dept of Economics 
SOURCE: McGRAW-HILL DEPT OF ECONOMICS 


1950 = 100 
200 
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SOURCE: U S DEPT OF COMMERCE 
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1952 1953 1954 


. « » but machinery builders have smaller backlogs 
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9 ** year of challenge 


| METALWORKING FACTS FOR 


AUTOS 
AND TRUCKS 


RADIO AND 
TELEVISION 


HOUSING 
STARTS 


MILLION UNITS MILLION UNITS MILLION UNITS 


3s + 2 


1953 1954 1955 est 1953. 1954 1955 est 


SOURCE: RT MA SOURCE: BUREAU OF LABOR STATISTICS 


Consumer goods demand to stay fairly high 


1952 


UNITS 
1953 


1954 





HOUSING starts 

PASSENGER cars and trucks (U.S.) 
TELEVISION sets 

PORTABLE radios 

CAR radios 

CLOCK radios 

HOME radios 

WASHERS (electric and gas) standard size 
IRONING machines 

VACUUM cleaners (floor type) 

RANGES 

DOMESTIC cooking stoves (non-electric) 
DOMESTIC heating stoves (non-electric) 
OIL burners 

WARM air furnaces 

NON-ELECTRIC water heaters 
REFRIGERATORS 

AIR CONDITIONERS 

FREEZERS 

CIVIL aircraft 


1,127,000 
5,533,178 
6,096,279 
1,460,002 
2,729,070 
1,769,034 
3,753,128 
3,101,045 
202,143 
2,841,803 
922,386 
2,401,880 
3,687,553 
780,185 
910,219 
2,213,756 
3,413,602 
365,000 
1,118,225 
3,509 


1,103,800 
7,340,930 
7,214,787 
1,741,564 
5,182,934 
2,014,120 
4,402,938 
3,429,627 
170,000 
2,777,756 
1,142,974 
2,390,326 
2,843,747 
829,646 
885,081 
2,140,442 
3,490,522 
1,075,000 
1,200,000 
4,134 


1,150,000 
6,250,000 
6,100,000 
1,850,000 
4,000,000 
1,500,000 
3,500,000 
3,300,000 
100,000 
2,600,000 
1,000,000 
2,100,000 
2,250,000 
750,000 
800,000 
1,800,000 
3,600,000 
1,350,000 
750,000 
3,600 





SOURCE: FACTS FOR INDUSTRY; DEPT. OF COMMERCE; BUREAU OF LABOR STATISTICS; RTMA 
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AIR eo 


CONDITIONING CONS 





THOUSAND 
UNITS SHIPPED 
150 -— 


THOUSAND UNITS SHIPPED 
700 


1953 1954 1955 est 1953 


SOURCE: FACTS FOR INDUSTRY 


rau 
MACHINERY 


SOURCE: FACTS FOR INDUSTRY 


MOTORS AND 
GENERATORS 


D 
UCTION 


THOUSAND 
UNITS SHIPPED 
40 


‘ 
———— 
‘ 


1955 est 1953... 1954 1955 est 


SOURCE: U S DEPT OF COMMERCE 


1952 1953 1954 





BLOWERS and fans (new orders in $1,000) 

UNIT heater group (new orders in $1,000) 

FOUNDRY equipment (new orders in $1,000) 

PUMPS (new orders in $1,000) 

POLYPHASE induction motors (shipments in $1,000) 

DIRECT current motors and generators (shipments in $1,000) 
TRACTORS, exc. garden type (units shipped) 

POWER cranes and shovels (shipments in $1,000) 


ROAD construction and maintenance machinery (shpmts in $1, 


AIR cond. & refrig equipment (shipments in $1,000) 
FREIGHT cars (units shipped) 

RAILROAD passenger cars (units shipped) 

INDUSTRIAL electrical trucks (units shipped) 

MECHANICAL stokers (units sold) 

CONVEYOR equipment sales (CEMA index, 1935-38 = 100) 


200,000 
55,000 
18,000 
60,000 

150,000 
37,500 

326,000 

250,000 

124,000 

700,000 
40,000 

515 
6,000 
15,000 
750 


136,285 
56,632 
17,647 
70,630 

157,014 
37,254 

464,432 

199,821 

160,068 

373,106 
79,332 

128 
7,409 
23,047 
693 


180,921 
60,565 
23,389 
68,245 

164,492 
39,933 

440,963 

244,693 

119,674 

632,880 
83,781 

391 
8,992 
16,658 
795 


000) 





SOURCE: U.S. DEPT. OF COMMERCE; CONVEYOR EQUIPMENT MANUFACTURERS ASSN.; AMERICAN MACHINIST 


New orders for industrial products end downswing 


Shipments of industrial products held up in 1954 close 
to the record level of the previous year. In at least a 
few cases, the total was higher than in 1953. That was 
true of blowers and fans, of air conditioning and re- 
frigeration equipment, of road construction and main- 
tenance machinery, and of power cranes and shovels. 
Direct current motors and generators came close to 
the 1953 total. 

Just what will happen to industrial products the com- 
ing year is not clear. Production ran ahead of sales 
pretty consistently through 1954. At the end of the 
year, manufacturers had slim backlogs upon which to 
rely. But new orders reversed their downward trend 
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the latter part of the year and were climbing. If there 
is any loss in total shipments in 1955 compared with 
1954, it will be very small. 

Makers of consumer durable goods did not fare as 
well in 1954 as the year before. On the whole, output 
was down 8%. One of the sharpest drops was in auto- 
mobiles, with passenger car assemblies estimated at 
5.2 million units, as against 6.3 million in ’53. Television 
set production also was way off. Sales of refrigerators, 
on the other hand, are estimated to have topped those 
of the previous year. Housing starts have been good 
and should continue favorable. Next year should be 
like 1954 in consumer durables. 
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Raw materials output will rise in 1955 


THOUSANDS OF TONS 
1952 1953 1954 











—_— 


Ist half 2nd half Ist half 2nd half Ist half 


PIG IRON 29,519 31,787 37,836 37,046 28,899 
Basic 23,189 25,065 30,296 29,899 23,611 
Foundry 1,352 1,512 1,386 1,218 1,056 

STEEL INGOTS AND CASTINGS 45,910 49,219 57,946 53,664 44,132 
Open Hearth 40,392 43,221 51,645 48,828 40,315 
Bessemer 1,911 1,793 2,056 1,800 1,211 
Electric 2,562 4,045 4,245 3,035 2,606 

ALLOY STEEL INGOTS 3,791 4,042 5,238 3,897 3,027 
Chromium 648 622 1,010 710 552 
Chromium-Molybdenum 557 586 684 463 349 
Chromium-Vanadium 61 30 29 23 16 
Manganese 118 184 239 134 103 
Manganese-Molybdenum 87 106 128 151 138 
Molybdenum 170 190 237 257 222 
Nickel 17 16 17 16 14 
Nickel-Chromium 61 55 83 83 49 
Nickel-Chromium-Molybdenum 812 837 1,026 552 418 
Nickel-Molybdenum 67 78 98 90 191 
Silico-Manganese 47 52 60 45 35 
All other 1,146 1,286 1,628 1,370 928 
Stainless Steel 413 489 594 421 371 

REFINED COPPER 579 610 680 714 666 

LEAD 261 270 268 266 279 

SLAB ZINC 490 472 487 484 433 

ALUMINUM 461 476 599 653 715 

CASTINGS 
Steel 786 690 799 599 497 
Gray Iron 3,807 3,566 3,877 3,540 3,134 
Malleable 308 265 319 259 241 
Copper and Copper Base Alloy 134 135 274 249 105 
Zinc and Zinc Base Alloy 70 72 193 159 180 
Aluminum and Aluminum Base Alloy 97 107 275 251 240 

COMMERCIAL STEEL FORGINGS 1,015 882 1,140 901 740 








SOURCE: AMERICAN IRON & STEEL INSTITUTE; THOUSANDS OF TONS 
DEPT. OF COMMERCE; FACTS FOR INDUSTRY; AMERICAN MACHINIST 800 | 


P-oduction of all sorts of metals, ferrous and non- 

ferrous, was off in 1954. Steel ingot output was down 

to 72% for the year, the lowest in a long time. Only —- ALUMINUM —+ 
aluminum, of all the metals, topped the record year of 
1953. 

The upward change in steel-making capacity — the 
bringing into being of a lot more facilities — made the 
situation the past year look worse than it was. Some 
88 million tons of ingot steel was produced in 1954, a 
very good performance compared with all previous 
standards. 

It is a safe guess that metals production in 1955 will 
top 1954 by 10%. The steel rate promises to average 
80% (95 million tons). Aluminum and copper should 1952 1953 1954 
have good years. Lead and zinc will do better. __ SOURCE: U S DEPT OF COMMERCE 


"a 
SLAB ZINC ~ a 
‘ 


Vst HALF =. 2nd HALF Ist HALF = 2nd HALF = st. HALF. = 2nd ~HALF 
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NET TONS 





1953 


1954 


RELATIVE IMPORTANCE 
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1953 


1954 





STEEL for converting and processing 
FORGINGS (other than automotive) 
BOLTS, nuts, rivets, & screws 
JOBBERS, total 
Oil and gas industry 
All others 
CONSTRUCTION including maintenance 
CONTRACTORS products 
AUTOMOTIVE total 
Passenger cars, trucks, parts, etc. 
Forgings 
RAIL transportation total 
Railroad rails, trackwork and equipment 
Freight cars, passenger cars, locomotives 
Street railways and rapid transit systems 
SHIPBUILDING and marine equipment 
AIRCRAFT 
OIL and gas drilling 
MINING, quarrying and lumbering 
AGRICULTURAL total 
Agricultural machinery 
All other agricultural 
MACHINERY, industrial equipment and tools 
ELECTRICAL machinery and equipment 
APPLIANCES, utensils, and cutlery 
OTHER domestic and commercial equipment 
CONTAINERS, total 
Cans and closures 
Barrels, drums and shipping pails 
All other containers 
ORDNANCE and other military 
EXPORT 
UNCLASSIFIED 
TOTAL 


3,512,976 
1,444,839 
1,341,606 

14,878,859 
1,757,272 

13,121,587 
9,918,203 
3,324,218 

14,663,775 

14,199,649 

464,126 
4,787,830 
2,277,909 
2,471,010 

38,911 

872,209 

161,043 

755,714 

324,380 
1,233,247 
1,005,068 

228,179 
4,328,604 
2,111,879 
2,045,749 
2,086,076 
6,051,214 
4,357,538 
1,009,843 

683,833 
2,690,880 
2,679,731 

937,853 

80,151,893 


2,100,000 
800,000 
850,000 

12,100,000 
2,100,000 
10,000,000 
10,000,000 
3,000,000 
12,500,000 
12,150,000 
350,000 

3,025,000 

1,900,000 

1,100,000 

25,000 
600,000 
95,000 
700,000 
225,000 

1,250,000 
925,000 
325,000 

3,500,000 

1,750,000 

1,450,000 

1,750,000 

6,500,000 

5,200,000 
800,000 
500,000 

1,000,000 

2,600,000 
725,000 

66,520,000 


4.4 %o 
1.8 
1.7 
18.6 
2.2 
16.4 
12.4 
4.1 
18.3 
17.7 
0.6 
6.0 
2.8 
3.1 
0.1 
1.1 
0.2 
0.9 
0.4 
1.5 
UR 
0.3 
5.4 
2.6 
2.6 
2.6 
7.5 
5.3 
1.3 
0.9 
3.4 
3.3 
1.2 
100.0 


3.2% 


1.2 
1.3 
18.2 
3.2 
15.0 
15.0 
4.5 
18.8 
18.3 
0.5 
4.5 
2.8 
1.6 
0.1 
0.9 
0.1 
1.1 
0.3 
1.9 
1.4 
0.5 
5.3 
2.6 
Be 
2.6 
9.8 
7.8 
1.2 
0.8 
1.5 
3.9 
1.1 





RLS a al Sea Ie shows eae, oe 


SOURCE: AMERICAN IRON & STEEL INSTITUTE 
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Steel demand likely to be up 


Steel mills rolled about 66 million tons of finished 
steel during 1954. That was a substantial decline from 
the record-breaking 80 million tons the previous year. 
But it was close to the performance in 1952. 

Only the oil and gas industry, construction industry, 
the agricultural industries and container manufactur- 
ers took more tonnage of finished steel the past year 
than in the previous year. Their tonnage gains were 
not impressive, however. 

Automobile manufacturers took almost 19% of all 
the finished steel in 1953. Warehouses were not far 
behind, however, accounting for over 18%. Reflecting 
the boom in construction, some 15% of all the steel 
went into construction work, compared with 12.4% in 
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1953, a healthy increase The container industry used 
close to one-tenth of the finished steel last year. The 
deemphasizing of the defense production program was 
felt keenly in steel circles, with the finished steel “take” 
for military products declining from 2.7 million tons 
in 1953 to about 1 million tons in 1954. 

Demand for finished steel the coming year should 
be higher than the past year. Users have allowed their 
stocks of steel to sink to a low level and have been 
operating with the smallest inventories in several years. 
Chances are that they will add to their inventories, 
though there is a decided trend toward letting the steel 
mills carry the stock and make fast deliveries. Mills, 
incidentally, may be booking small orders next year. 
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Shipments of military equipment 
continue to bolster exports 


MILLIONS OF DOLLARS 
% CHANGE 


Foreign Trade 1953 1954 1953-1954 








Machinery and vehicles $5,651.2 $5,513.0 == 2.4 
Electrical machinery and apparatus 802.6 750.0 —6.6 
Engines and turbines 150.2 150.0 —0.1 
Construction, excavating, mining and related machinery 485.5 450.0 —7.3 
Machine tools and parts 125.2 87.0 — 30.5 
Metalworking machines, parts and accessories 152.6 125.0 —18.1 
Textile, sewing and shoe machinery 95.5 100.0 +4.7 
Other industrial machines and parts 527.8 565.0 +7.0 
Office machines and parts 87.3 95.0 + 8.8 
Printing and bookbinding machinery 29.8 35.0 +17.4 
Agricultural machines, implements and parts 138.4 140.0 +1.2 
Tractors, parts and accessories 340.9 320.0 —6.1 
Automobiles, trucks, busses and trailers, parts and accessories 1,415.7 1,430.0 +1.0 
Aircraft, parts and accessories 880.6 650.0 — 26.2 
Watercraft 45.6 80.0 +75.4 
Railway transportation and equipment 106.8 130.0 + 21.7 
Other vehicles and parts 6.3 6.0 —4.8 
Special category items 260.4 400.0 + 53.6 


SOURCE: DEPT. OF COMMERCE; AM. MACHINIST 


Canada and Latin America 
are biggest export markets 


Continued shipments of U.S. military equipment and machinery to RANK MILLION DOLLARS 
our allies on this continent and overseas contributed handsomely to 
making 1954 a good year for export of metalworking goods. The total 
dollar volume was around $5.5 billion. Industries that stood out in 
export shipments were the automobile industry, which accounted for 
26% of the total; electrical machinery with 14%; aircraft with 12%; 
and construction and mining machinery 8%. - 

The Western Hemisphere has provided the best market for, U.S. 
metalworking products. Canada has been the leader by a wide margin. 
It has purchased $1.2 billion of goods, on the average, each of the past 
two years. Mexico has been the second biggest market; and that fact 
may come as a surprise to some people, The Latin-American countries 
as a whole continue to absorb a generous share of U.S. exports of 
metalworking products. 

1955 holds less promise for exports than did 1954. The answer is not 
hard to find: Foreign aid has been cut by Congress and shipments 
abroad will be correspondingly less. 





. CANADA $1,200 
. MEXICO 300 
. VENEZUELA 275 
- BRAZIL 200 
. COLOMBIA 

- BELGIUM 100 
CUBA 95 
. FRAINCE 90 
. JAPAN 90 
. SOUTH AFRICA 85 


CWO PNO WA WD = 


_ 





SOURCE: DEPT. OF COMMERCE 
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American Machinist index of metalworking prices 
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METALWORKING FACTS FOR 


1955... year of challenge 


Machine tool shipments 


AVERAGE SHIPMENTS 1945-1946-1947 = 100 

















NEW 
ORDERS 


475.4 
615.5 
590.3 
516.1 
483.0 
558.8 
490.6 
488.9 
380.2 
403.9 
330.5 
376.5 


SHIPMENTS 


. DOMESTIC NEW ORDERS 


FOREIGN NEW ORDERS 


FOREIGN NEW FOREIGN 
ORDERS SHIPMENTS ORDERS ORDERS SHIPMENTS 


61.3 114.3 255.8 26.3 361.6 
78.2 123.8 282.1 22.9 354.5 
102.1 158.9 327.0 17.4 375.9 
66.1 157.7 276.8 13.9 372.7 
35.7 175.1 246.4 14.7 356.0 
56.4 182.8 273.4 16.6 342.2 
54.9 144.7 247.3 18.6 267.6 
58.7 178.9 286.9 17.6 299.6 
27.0 189.8 223.7 16.5 328.3 
41.1 221.3 198.7 21.7 348.4 
29.0 226.0 146.6 16.9 320.2 
18.3 264.7 149.8 21.9 301.4 


NEW 
ORDERS 


347.8 
318.8 
324.3 
293.5 
284.6 
342.9 
376.3 
311.1 
302.4 
243.3 
205.4 
225.2 


FOREIGN NEW FOREIGN 
ORDERS SHIPMENTS ORDERS ORDERS SHIPMENTS 


33.6 266.6 173.5 19.1 319.4 
14.4 279.6 159.8 14.4 323.1 
23.3 299.5 169.6 24.9 327.2 
15.6 307.9 142.8 15.9 302.7 
31.4 323.0 139.5 11g 370.3 
20.3 330.8 185.2 15.5 276.3 
14.9 259.7 124.7 14.8 205.7 
22.7 317.0 147.0p 16.2p 202.9p 
23.1 368.3 1945-1946-1947 = 100 

22.5 357.8 P = PRELIMINARY FIGURES 


14.3 342.5 
19.6 355.0 Source: National Machine Tool Builders Association 
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Machine tool backlogs 
fall to low point 


BACK RDE RRENT PROL 


SOURCE: NMTBA 


Machine tool shipments slipped off sharply in 1954 
from the 1953 figure of $1.2 billion. They totaled around 
$850 million, the lion’s share of which were built during 
the first half of the year. New orders did not keep pace 
with production, the result being that backlogs steadily 
declined until at the year-end they were only about 
24% months. But as the year progressed, many builders 
reported a pick-up in new business, Export sales were 
not much more than half the historic ratio of 20% of 
total volume, partly because the British had completed 





Export shipments 
decline sharply 


MILLIONS OF DOLLARS 
1952 1953 1954 
Machine Tool Exports $120.0 $125.4 $ 87.0 
Engine Lathes 7.3 7.3 4.0 
Turret Lathes 10.3 8.7 3.0 
Automatic Chucking Lathes 10.5 8.8 6.0 
Other Lathes a 2.1 2.0 
Boring Mills 97 13.2 9.0 
Tapping Machines 1.9 2.2 1.8 
Milling Machines 23.2 22.9 10.5 
Gear Cutting Machines 74 7.1 7.6 
Drilling Machines 3.4 3.9 3.7 
9 J5 2 
3.2 1.2 1.2 
Surface Grinders 3.7 4.) 3.0 
External Grinders 9.4 5.3 6.5 
Internal Grinders 7.1 6.5 4.0 
Tool & Cutter Grinders 1.0 28 2.0 
Other Metal Grinding Machines 6.0 6.4 3.5 
All Others 14.7 22.4 19.0 








Source: Department of Commerce; American Machinist 


their defense tooling program and partly because Eu- 
ropean competition was the stiffest on record. 
Builders of high-production and special-purpose ma- 
chines did a proportionately better business in 1954 
than makers of general-purpose machines. Even at the 
end of the year, numerous companies building special 
machines had a pile-up of orders that would keep them 
busy for many months. If machine tool shipments in 
1955 come close to those in 1954, that is the best that 
can be hoped for. That will take considerable stimulus 


Canada is No. 1 export market 


MILLION DOLLARS 


ge 


SOURCE: US DEPT OF COMMERCE 
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SOURCE: BUREAU OF LABOR STATISTICS AND McGRAW-HILL DEPT OF ECONOMICS 


Hourly wage rates going up more slowly 


1954 was the year of the small wage ienoete It was 
the first time in years that the gain in hourly rates was 
so little — an average of about 2%. 

That proved to be a surprise. But no more so than 
a trend that developed among companies that had a 
poor year. Some of these companies asked their em- 
ployees to accept a downward revision in wages. And 
the employees agreed. 

Wage increases alone, however, did not represent 
all the new labor burden imposed upon metalworking 
management during the year. Most manufacturers 
granted more fringe benefits which would immediately 
be reflected in labor costs. 

The least to be expected in 1955 is that hourly wage 
rates will go up no more than they did the past year. 
Chances are that they will rise more. 

Biggest wage increases in 1954, percentagewise, were 
in the tin cans and other tinware industries (7.7%); 
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radio, phonograph and TV set industry (4.9%); and 
the aircraft engines and parts and typewriter indus- 
tries (4.5%). 

Most metalworking companies raised prices last year. 
Some segments, however, lowered their prices at the 
same time. Companies in the stamped metal field, for 
one, brought their prices down. So did the agricultural 
machinery people. Largest price increases were in steel 
mill products, wire drawing, steel castings and hard- 
ware products. 

There is a question mark regarding metalworking 
prices for 1955. Price declines are being freely pre- 
dicted in many lines. But no one has ventured such a 
forecast in metalworking products, mainly because 
higher wage rates and higher basic materials prices 
stand in the way. Though prices may climb a bit the 
coming year, they are unlikely to go up steeply. Com- 
petition will tend to hold them down. 
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What’s happened to wages and prices 


AY. HOURLY WAGES PRICES 





— 


% ‘ 
1953 1954 INCREASE 1954 INCREASE 





All Manufacturing Industries $1.77 $1.80 +1.7 NA. N.A. N.A. 
Durable Goods 1.87 1.91 +2.1 N.A. N.A. N.A. 
Non-Durable Goods 1.61 1.66 +3.1 N.A. N.A. N.A. 
Steel Mills 2.16 2.18 +0.9 132.6 143.7 +4.4 
Gray Iron Foundries 1.84 1.87 +1.6 124.3 126.8 + 2.0 
Malleable Iron Foundries 1.90 1.90 _ 136.0 137.8 +1.3 
Steel Foundries 1.97 1.98 +0.5 129.1 134.2 + 4.0 
lron & Steel Forgings 2.18 2.20 +0.9 N.A. N.A. N.A. 
Wire Drawing 2.07 2.10 +1.4 149.3 158.0 + 5.8 
Tin Cans & Other Tinware 1.82 1.96 +7.7 130.1 132.2 +1.6 
Cutlery & Edge Tools 1.63 1.65 +1.2 131.6 136.0 +3.3 
Hand Tools 1.80 1.84 + 2.2 133.6 137.6 + 3.0 
Hardware 1.82 1.88 +3.3 132.7 138.0 +4.0 
Oil Burners, Non-Electric Heating & Cooking Apparatus 1.79 1.83 + 2.2 106.3 104.5 —1.7 
Structural Steel & Ornamental Metalworking 1.89 1.91 +1.1 115.7 117.1 +1.2 
Boiler Shop Products 1.90 1.93 +1.6 111.1 109.1 —1.8 
Sheetmetal Work 1.91 1.93 +1.0 111.1 109.1 —1.8 
Stamped & Pressed Metal Products 1.95 2.00 + 2.6 117.6 116.3 —1.1 
Machinery (except electrical) 1.96 2.00 + 2.0 124.3 125.9 +1.3 
Engines & Turbines 2.07 2.10 +1.4 129.0 131.1 +1.6 
Tractors 2.00 2.03 +1.5 118.4 117.5 —0.8 
Agricultural Machinery (except tractors) 1.88 1.92 + 2.1 124.6 122.4 —1.8 
Construction & Mining Machinery 1.90 1.95 + 2.6 129.3 131.6 +1.8 
Machine Tools 2.05 2.09 + 2.0 N.A. N.A. N.A. 
Metalworking Machinery (except machine tools) 2.03 2.10 +3.4 131.1 132.7. +1.2 
Machine Tool Accessories 2.18 2.27 + 4.1 126.5 128.5 +1.6 
Special Industrial Machinery 1.90 1.93 +1.6 N.A. N.A. N.A. 
General Industrial Machinery 1.94 1.97 +1.5 ‘za 128.0 + 2.2 
Computing Machinery & Cash Registers 2.07 2.13 +2.9 112.0 114.1 +1.9 
Typewriters 1.76 1.84 +4.5 115.0 LuZS +2.2 
Service, Industrial & Household Machinery 1.93 1.96 +1.6 107.9 107.5 —0.4 
Refrigerators & Air Conditioning Units 1.95 1.98 41.5 106.3 106.5 +0.2 
Electrical Machinery 1.76 1.81 + 2.8 123.7 126.2 +2.0 
Communications Equipment 1.65 1.70 + 3.0 N.A. N.A. N.A. 
Radios, Phonographs, Television Sets & Equipment 1.62 1.70 +4.9 N.A. N.A. N.A. 
Automobiles 2.14 2.16 +0.9 118.9 118.9 _ 
Aircraft 2.00 2.07 +3.5 N.A. N.A. N.A. 
Aircraft Engines & Parts 1.99 2.08 +4.5 N.A. N.A. N.A. 
Ship & Boat Building & Repairing 2.03 2.06 +1.5 N.A. N.A. N.A. 
Locomotives & Parts 2.05 2.10 +2.4 N.A. N.A. N.A. 
Railroads & Street Cars 2.01 2.09 +4.0 N.A. N.A. N.A. 





N. A. — Not available. SOURCE: BUREAU OF LABOR STATISTICS 
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, _ METALWORKING Facts ror 1955.. year of challenge 


Metalworking production resources shown 


THOUSANDS OF UNITS THOUSANDS OF UNITS 


METAL FORMING EQUIPMENT 
500 








MACHINE TOOLS 












































° OVER 20 YEARS OLD OVER 20 YEARS OLD 


1925 1930 1935 1940 1945 1949 1953 1930 1935 1940 1945 1949 1953 


ESTIMATED TOTAL EQUIPMENT 


IN THE UNITED STATES 
GEOGRAPHICAL DISTRIBUTION MACHINE TOOLS METAL FORMING 
OF MACHINES 10 yr Over 10 yr Over 


MACHINES Units & over 20 yr Units & over 20 yr 
MACHINE METAL PER 1000 
TOOLS FORMING POPULATION Metalworking 


Industries 1,942,000 55% 19% 533,000 58% 25% 


Reston 184,440 33,130 29.8 Other Industries 357,000 61 31 134,000 64 31 

Bridgeport-Hartford 142,217 29,053 85.3 Training 9,000 56 16 1,000 54 18 

nartenprioapeeg yng vee pe Total 2,308,000 56% 21% 668,000 59% 26% 
Philadelphia-Camden 92,150 27,640 15.1 
Pittsburgh-Wheeling 55,999 23,493 11.8 SUMMARY OF SEVENTH easel metal ry 
Baltimore 42,915 8,140 16.8 BY INDUSTRIES a, — 
Richmond 16,083 4,276 2.1 
Atlanta-New Orleans 30,977 13,724 2.7 Agricultural Machinery 70,372 17,099 45.0 
Cleveland 117,455 32,243 42.6 Construction, Mining, Oil Well 44,762 6,041 36.5 
Toledo 38,143 11,412 43.2 Metalworking Machinery 161,033 8,139 55.7 
Cincinnati-Lovisville 89,226 30,218 23.3 Special-industry Machinery 121,524 13,118 63.1 
Detroit 171,295 52,871 48.0 General Industrial Equipment 102,175 14,743 49.5 
Indianapolis 71,684 25,075 32.3 Office & Store Machines 41,112 9,349 48.5 
Chicago 261,661 76,107 27.3 Domestic & Service Equipment 52,724 21,834 24.2 
Milwaukee 70,672 16,757 28.3 Electrical Equipment 190,124 70,281 24.4 
Minneapolis-St. Paul 21,660 6,359 7.9 Misc. Machine Parts, Jobbing 118,874 11,829 56.1 
St. Louis 31,060 12,362 5.6 Motor Vehicles & Parts 171,156 49,317 21.8 
Kansas City-Tulsa 22,290 7,630 5.6 Complete Aircraft 41,673 14,532 14.9 
Dallas-Houston 35,058 6,411 49 Aircraft Engines, Propellers, & Parts 60,323 6,003 23.2 
Denver 14,632 4,676 3.2 Railroad Equipment 18,744 4,488 20.9 
Seattle-Portland 21,036 5,396 6.8 Fabricated Metal Products 385,183 217,203 38.0 
San Francisco 28,390 7,888 8.0 Shipbuilding, Ordnance, Misc. 259,465 45,989 30.9 
Los Angeles 95,153 21,812 Precision Mechanisms 102,368 22,733 46.6 
Total 1,941,612 532,698 Total 1,941,612 532,698 33.3 
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by seventh American Machinist inventory 


MACHINE TOOLS IN THOUSANDS 








METAL-FORMING EQUIPMENT IN THOUSANDS 


10 Years 
And Over 


63 
129 
190 
224 
223 
260 
308 








The amount and relative age of production equip- 
ment in the nation’s metalworking industries are sum- 
marized here. Summaries are shown for the 16 in- 
dustrial classifications, the 24 geographic areas, and the 
major types of equipment. These summaries are taken 
from the Seventh AMERICAN Macuinist Inventory of 
Metalworking Production Equipment. The complete 
Inventory was published in the 1954 Production Plan- 
book. Reprints can be obtained by writing to Editor, 
American Machinist, 330 W. 42nd St., New York 36, 
N. Y. 


PRODUCTION EQUIPMENT IN U. S. 
METALWORKING INDUSTRIES 


10 Years Over 20 
Units Old & Over Years Old 


1,941,612 55 % 19% 
532,698 58 25 
919,253 40 10 





Machine Tools 
Metal Forming 
Other Equipment ... 
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MACHINE TOOLS BY TYPES 


10 Years 
And Over 





Lathes 425,403 
Grinding Machines 405,607 
Drilling Machines 391,330 
Milling Machines 197,452 
Polishing and Buffing 90,536 
Cutoff Machines 89,772 
Boring Machines 64,650 
Threading (except pipe) 55,264 
Gear Cutting Machines 53,046 
Shapers 40,744 
Honing and Lapping 18,891 
Planers 16,450 
Broaching Machines 14,403 
Contour Sawing and Filing . . 15,626 
Gear Checking Machines ... 7,433 


58% 
53 
53 
59 
51 
45 
55 
61 
58 
69 
44 
81 
50 
36 
48 





METAL FORMING EQUIPMENT BY TYPES 


Units 


10 Years 


And Over 





Mechanical Presses 
Punching and Shearing 
Bending and Forming 
Riveting Machines 
Hydraulic Presses 


73,627 
64,330 
40,749 
39,176 
19,864 
14,540 


Forging Machinery 
Wire & Strip Forming 
Pneumatic Presses 
Swaging Machines 


63 So 
61 
51 
58 
46 
73 
57 
33 
52 





OTHER SHOP EQUIPMENT BY TYPES 


Units 


10 Years 
And Over 





Hoists (including jib & rail 
mounting) 

Electric Welding Machines. . . 
(not hand) 

Materials Heating Equipment. 


266,296 


107,483 
92,976 
92,172 
55,971 
47,622 
40,021 
14,225 


Cleaning Equipment 
Industrial Trucks 
Cranes, Overhead Traveling. . 
Air Compressors 
Plating Equipment 
Gus Welding, Cutting Machines 
(not hand) 
Balancing Machines 6,945 
Cutting Fluid Systems 
(multi-machine) 1,385 
Chip Crushers 1,178 


37 Yo 
39 


50 
45 
28 
58 
4] 
39 
37 


45 


36 
50 








METALWORKING FACTS FoR V+" year of challenge 





129 137 
131 138 
132 139 
132 139 
132 142 
131 143 
128 134 
127 142 
130 154 
4 : : , : 132 159 
1947 1948 1949 1950 1951 1952 1953 1954 134 164 
136 166 
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1951 1952 


120 131 
122 132 
122 132 
126 134 
125 135 
127 136 
126 132 
127 136 
128 138 
129 139 
129 142 
130 143 








1951 1952 


148 150 
147 150 
149 151 
142 148 
139 152 
133 160 
129 160 
116 163 
129 184 
135 187 
141 198 
147 197 








1951 1952 


126 121 
126 121 
126 121 
125 119 
125 120 
124 118 
122 115 
123 123 
122 129 
120 133 
121 135 
121 138 








1951 1952 


132 103 
134 102 
140 106 
136 104 
129 100 
130 102 
107 52 
110 73 
109 107 
109 121 
104 120 
98 128 








1951 1952 


129 205 
131 215 
126 213 
136 220 
151 243 
149 240 
170 256 
171 257 
181 269 
181 275 
203 

211 
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‘ofa Introduction 


The many combinations of iron and carbon, with 
or without other elements, are by far the most fre- 
quently encountered materials in Metalworking. On 
some aspects of the working of ferrous metals the 
amount of basic information available is so great as 
to offer the production man more data than he can use. 
On other aspects, equally common, the available infor- 
mation has been so limited as to leave the shop virtually 
on its own. 

Properly to cover the working of iron and steel has 
required the longest and most ambitious in our con- 
tinuing series of Special Reports. Our aim has been 
to provide a balanced reference for the working of 
ferrous materials. This has meant that in some cases 
it was necessary to develop the information from cur- 
rent plant experience while in other cases it was only 
necessary to distill the essence from material already 
available. 


Included are sections on cast iron, steel castings, 


“1 (sansa as las a 


CTE TESTES ES 


wrought steel, stainless steel, and tool and die steel. The 
sections on stainless and on tool and die steel are sup- 
plemented by directories of available steels showing 
trade name and composition. Not covered in this report 
are the “super alloys.” Many of these are technically fer- 
rous materials, but the differences between individual 
alloys is so great and the applications are still so spe- 
cialized as to make their inclusion here impractical. 

Most of the information here is what is often called 
“handbook” data—the standard procedures, the normal 
methods, the accepted practices, But it is more current 
than any handbook, includes information in areas not 
previously covered in handbooks, and treats of many 
special conditions that are frequently encountered. 

This report provides a broad reference base for the 
ferrous materials from which to make use of the spec- 
ialized procedures and methods in the AM Production 
Nuggets appearing elsewhere in this 1955 Production 
Planbook Issue. 
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So many individuals, organizations, and companies have con- 
tributed to this report that it is impossible to give proper 
credit to all of them. Many tables, drawings, and text refer- 
ences include credit to the source. We would like to express 
our special appreciation to Thomas E Eagan, Dr Hans Ernst, 
Dr Michael Field, Dr Eugene Merchant, and Charles Parker. 

The 
American Iron & Steel Institute, American Society of Me- 


following organizations deserve special mention: 
chanical Engineers, Battelle Memorial Institute, Gray Iron 
Founders Society, Malleable Founders Society, Metal Cut- 
ting Tool Institute, Society of Automotive Engineers, Steel 


Founders Society of America, and the U.S. Department of 


Defense, Office of the Assistant Secretary (Supply & Logis- 
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Among the many companies that have assisted, in addition 
to the supplying of data for the directories, are: Allegheny 
Ludlum Steel Corp, Armco Steel Corp, Barber-Colman Co, 
Bethlehem Steel Co, Brown & Sharpe Mfg Co, Carboloy 
Dept, General Electric Co, Cincinnati Milling Machine Co, 
Cleveland Twist Drill Co, Cooper-Bessemer Co, Delco-Remy 
Div, GM, Detroit Broach Co, DoAll Co, Firth Sterling, Inc, 
Gray Planer Co, Heald Machine Co, International Nickel Co, 
Kennametal Inc, Landers, Frary & Clark, Lincoln Electric 
Co, Linde Air Products Div, Union Carbide Corp, M:ehanite, 
Met-Cut Broach and Machne Co, 
Norton Co, Republic Steel Corp, United States Steel Corp, 
Vascoloy-Ramet Corp, Warner & Swasey Co, and Westing- 


Associates, National 


house Electric Corp. 
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Cast iron 


Cast iron forms the structural base of most heavy ma- 
chinery and innumerable smaller components or complete 
items. The bulk of the production machining in many 
plants is on cast iron, for more than 15 million tons of 
ferrous castings (not including steel castings) are processed 
each year in the United States. 

Despite this, cast iron is too often dismissed as not being 
worth (or needing) detailed consideration. In actual fact, 
it is not One material but many different materials requir- 


ing different treatments for best results with each type. 

Recently cast iron has received more concentrated at- 
tention, most notably in the auto industry, and we are 
beginning to see how profitable it can be to take its 
processing seriously. Any plant working with CI will do 
well to re-examine the material and the methods of work- 
ing it (even though no difficulty is being encountered) in 
the light of recent developments. Such a study may well 
pay off in reduced costs or improved properties, or both. 


Classification of cast irons 


All cast irons are alloys of iron, car- 
bon, and silicon that have a carbon con- 
tent in excess of the amount that can be 
retained in solid solution in austenite at 
the eutectic ten\perature. Thus all con- 
tain some carbon in the form of free 
graphite, with the total carbon usually 
ranging between 2.4 and 3.8%. The 
silicon content will generally range from 
0.5 to 3.0%, and there will be appreciable 
quantities of manganese, phosphorous, 
and sulfur. In addition, alloying elements 
may be added to cast iron. 

It has been the general practice to 
classify cast irons by mechanical prop- 
erties rather than chemical composition. 
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This is not only because widely varying 
compositions can be made to produce 
similar properties, but because the prop- 
erties for a given composition may vary 
so widely depending on the casting pro- 
cedure and the size and shape of the 
casting itself. 

Thus experienced foundries are able to 
provide the specified mechanical prop- 
erties for a given casting by their choice 
of composition and casting procedure. 
It follows that two castings of the same 
hardness or even the same tensile strength 
may have quite different compositions, 
microstructures, and machinabilities. 

Microstructure, then, is more of a key 


to the character of cast iron than Brinell 
hardness. More use is made of the in- 
formation it provides and the practice of 
specifying by microstructure is growing. 

The basic groups of cast irons are 
white iron, gray iron, and malleable iron. 
These groups include such important sub- 
divisions as nodular or ductile iron, inocu- 
lated iron, and alloy iron. 

White iron. . White or chilled iron 
may occur either accidentally or inten- 
tionally in portions of a casting or as a 
complete casting. Most of the carbon 
is in combined form chiefly as cementite 
and pearlite. The free cementite (iron 
carbide) makes white iron hard and 
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brittle. White iron is a step in the manu- 
facture of malleable iron; beyond this it 
has limited applications where extremely 
hard surfaces are required. Such sur- 
faces usually must be ground. White 
iron is obtained intentionally by adjusting 
the composition and by accelerating the 
cooling. 

Gray iron. . Cast iron is often consid- 
ered synonymous with gray iron, for the 
tonnage of gray-iron castings exceeds that 
of all other cast metals combined. The 
composition is largely pearlite (alternate 
layers of ferrite and iron carbide) and 
flake graphite. Coarse graphite and coarse 
pearlite are usually associated with slow 
cooling of an iron that is not highly 
alloyed. Fine graphite and pearlite are 
usually the result of rapid cooling, low 
carbon, low silicon, and the presence of 
such alloying elements as chromium, 
vanadium, and silicon. 

Gray iron may also contain free ferrite, 
steadite, free carbide, manganese sulfide, 
and various inclusions. 

It is the graphite flakes that impart 
the characteristic gray color to a fracture 
and give gray iron its name. A wide 
range of strengths may be obtained. 
Seven classes, from 20,000 to 60,000 psi 
tensile, have been established by ASTM— 
see Table 1. Seven classes of automo- 
tive gray irons have been similarly stand- 
ardized—see Table 2. 

It is often thought that gray iron must 
be used as cast, but this is not true. 
Heat-treatment is possible and is being in- 
creasingly employed. Stress relieving and 
annealing are the most frequent treat- 
ments, but hardening, tempering, and 
various specialized heat-treatments are 
possible. These are described in a later 
section. 

Inoculated iron. . Inoculants are mate- 
rials that, when added to molten cast iron, 
change the structure, hence the prop- 
erties, without materially changing the 
composition. 

An early inoculant was ferrosilicon. 
Melting the iron with a lower silicon 
content than desired, then adding the 
missing silicon in the ladle, improves 
the structure by providing better mechan- 
ical properties and a reduced tendency 
toward chilled edges. Other inoculants 
are calcium-silicon, ferromanganese-sili- 
con, and zirconium-silicon. 

Proprietary inoculants are available 
that are more effective than ferrosilicon 
when used with careful foundry control. 
A familiar product is Meehanite, pro- 
duced by licensed foundries, in which a 
specially made white-cast-iron composi- 
tion is graphitized in the ladle with a 
calcium-silicide inoculant. Meehanite, 
Table 3, is produced in a number of 
grades including a group for high-tem- 
perature applications. 


table 1. . TYPICAL PROPERTIES OF GRAY CAST IRON* 
Carbon content, % 





€ o a 

§ s e 
wir Ae. ee Eee 
5s = E Ss £2 ga 658 e= 3a 3¢ ge 
<9 6 S . se c= S == S= £¢s 
20 2.90 0.60 3.50 180 20 32 95 12,000 10 55 
25 3.40 190 27.5 37 100 13 ,000 12.5 55 
30 2.65 0.70 3.35 200 32.5 44 115 15 ,000 14.5 60 
35 2.55 0.70 3.25 210 37.5 43 125 16 ,000 17.5 60 
40 2.25 0.85 3.10 220 45 57 143 17 ,000 21 70 
50 2.00 0.90 2.90 240 55 59 150 19 ,000 25 80 
60 2.00 0.85 2.85 290 65 170 20 ,000 115 





*Data are for medium section castings; light sectiors will generally have higher properties, heavy 
sections will have lower properties. 


table 2. . AUTOMOTIVE GRAY IRONS 








c ———, 
Dal 
> 
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110 3.40-3.70 2.30-2.80 0.50-0.80 0.15 0.25 187max 20 1800 0.15 
111 3.25-3.50 2.00-2.30 0.60-0.90 0.15 0.20 170-223 30 2200 0.20 
113* 3.40min 1.00-1.70 0.60-0.90 0.14 0.20 179-229 30 2200 0.20 
114* 3.40min  1.10-1.70 0.60-0.90 0.14 0.20 207-269 40 2600 0.27 
120 3.20-3.40 1.90-2.20 0.60-0.90 0.15 0.15 187-241 35 2400 0.24 
121 3.10-3.30  1.80-2.10 0.60-0.90 0.15 0.12 202-255 40 2600 0.27 
122 3.00-3.20  1.80-2.10 0.70-1.00 0.15 0.10 217-269 45 2800 0.30 





*No. 113 and 114 are for brake drums and clutch plates. Minimum carbon content is a specifica- 
tion for these types. Alloying elements may be added as required. Microstructure is specified: Type 
113—Graphite ASTM Type A, size 2 to 4, lamellar pearlite with not over 15% ferrite. Type 114— 
Graphite ASTM Type A, size 3 to 5, fine lamellar pearlite with not over 5% free cementite or free 





ferrite. 
table 3. . TYPICAL PROPERTIES OF INOCULATED CAST IRON 

Meehanite Morinell” Meat Sheor Compression Mod of elast ~~. Impact 
Grade min min M psi psi M psi M psi ft Ib 
GM 217 55 55 200 22 ,000 25 8.0 
GA 207 50 48 175 20 ,000 22 7.2 
GB 196 45 44 160 18 ,000 19 5.8 
Gc 192 40 40 150 17 ,000 17.5 4.5 
GD 183 35 35 130 14,500 15 3.2 
GE 174 30 30 120 12,000 13.7 2.1 
HE 223 30 31 10,000 
HD 223 33 34 145 15 ,000 
HA 223 50 43 20 ,000 
HB 300 38 40 160 18 ,000 
HR 300 40 42.5 162 21,000 
sc 300 27 28 130 17 ,000 
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table 4. . TYPICAL ALLOY CAST IRONS* 
Brinell Tensile Sample application 


Total 
Nickel Molybdenum Chromium Other Hardness M psi or designation 


Carbon Silicon Manganese 





00-3.40 2.10-2.50 0.50-0.90 0.20-0.40 187-240 35-45 cylinder blocks 


00-3. 20 80-1.90 80 0 0.20-0.30 180-200 40-50 planer beds 


80-3 .90-2.90 0.50-0.55 180-225 54-61 brake drums 


20-2.55 : 50 0. 30-0. 50 160-235 60-85 conrecting rods 
215-225 40-45 cylinder sleeves 
220-260 50-60 crusher frames 
187-228 32-37 clutch plates 
215-250 38-43 exhaust manifulds 
500 min 30 min pump liners 
241-285 55-70 crankshafts 
234-245 48-50 control cams 
228-248 46-50 brake drums 
243-301 30-50 rolling-mill rolls 
286-311 50-60 camshafts 
290-320 60-75 crankshafts 
Cu 1.50 240 min 50-55 idler gears 
Cu 0.80-1.10 200-255 35-40 compressor frames 
Va 0.12-0.16 229-255 50-60 gears 
00-3 50 Ti 0.22-0.24 241-255 45-50 compressor-valve seats 
00-16. 00 Cu 5.00-7.00 140-170 25-30 Ni-Resist 
00 00-—22.00 00 150-170 25-35 Ni-Resist 
0.40 00—4.75 40 556-650 40-50 Ni-Hard Type 1 


40 70 0.40-0. 00-4 .75 40 525-625 45-55 Ni-Hard Type 2 





*Compositions of alloy cast irons are not standardized. This sample listing is intended to indicate the general type and range of alloy combinations and 
does not mean that these compositions would be best for these applications. For a more complete listing, and further detail on these, refer to Metal Properties 
section, ASME Handbook, from which this tabulation was abstracted. 


table 5. . TYPICAL PROPERTIES OF STANDARD MALLEABLE IRONS table 6. . MINIMUM PROPERTIES OF 
STANDARD PEARLITE MALLEABLE IRONS 


ASTM Hardness Tensile Yield Elongation 
Grade Brindell M psi M psi % in 2 in. 


Hardness 
Brinell 
M psi 
Endurance 
limit M psi 
Elongation 
% in 2 in 





Mod of Elast 


163-207 





32510 5 7 110 to 135 52 K 25 ,000 25 to 26.5 ara 


35018 75 : 110 to 145 55 2 25 ,900 22 to 30.5 se7-o08 


197-241 





241-285 





table 7. . NODULAR IRON SPECIFICATIONS 
Tensile Yield Elongation 
min min % in 2 in. Hardness 
Grade Carbon Manganese Silicon Phosphorus M psi M psi min Brinell 





ASTM 

80-60-03 
ASTM 

60-45-10 107 
AMS 5315..3.2 to 4.0 0.08 max 10; 190 max 
AMS 5316. .3.2 to 4.0 0.08 max 3 202-269 
Mil-I-17166 3.00 min* 5 may 0.08 max 15 190 max 


(Ships) 





*Carbon Equivalent 5 (Carbon plus '4 silicon) 
re in 4D 
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The use of inoculants is also common 
in foundries producing quantities of cast- 
ings for special applications, as in the 
auto industry. The inoculant is not a 
device for improving a poor casting. 
Careful control of both the base iron and 
the operation of adding the inoculant are 
essential. Under such conditions, it is a 
useful method of controlling graphitiza- 
tion and producing quality castings. 

Alloy cast iron. . In addition to silicon, 
manganese, sulfur, and vyhosphorus, 
which are normally present in all cast 
irons and not generally considered alloy 
additions, alloying elements are added 
to modify the physical or mechanical 
properties and to accelerate or retard the 
formation of graphite. The most frequent 
alloying elements are nickel, chromium, 
molybdenum, and copper. 

Chromium forms stable carbides and 
retards graphitization. In amounts from 
0.5 to 1.00% it provides general improve- 
ment in mechanical properties, increasing 
strength, hardness, depth of chill, and 
resistance to heat and wear. Machinabil- 
ity is decreased. From 1 to 5% is added 
for moderate resistance to heat up to 
1400 F. For extreme corrosion or heat 
resistance, chromium is added up to 35%. 

Molybdenum, usually added in quan- 
tities from 0.25 to 1.25% is the most 
effective method of increasing strength. 
It also promotes the structural uniformity 
of heavy sections, but does not aid in 
graphite formation. 

Copper promotes the formation of 
graphite and is a mild strengthener under 
some circumstances. However, if the 
iron has a tendency to chill, copper will 
reduce hardness. The usual range of 
copper addition is 0.25 to 2.5%. 

Nickel is a graphitizer and acts to re- 
duce chill, eliminate hard carbide spots, 
and mottled areas. In the gray cast irons 
the range is about 0.5 to 6%. In the 
group of martensitic white irons known 
as Ni-Hard, intended for abrasion re- 
sistance, the nickel content is about 4.5%. 
In the austenitic gray irons known as Ni- 
Resist, applied for extreme heat or cor- 
rosion resistance or to provide low ex- 
pansion rates, nickel may range from 

14 to 38%. 

Because the properties of cast iron are 
influenced by so many factors besides the 
composition, there has been little attempt 
to standardize compositions of the alloy 
cast irons. Those listed in Table 4 are 
a representative sampling of the hundreds 
that have been recorded. They are in- 
tended only as an indication of the gen- 
eral pattern of the compositions em- 
ployed. They do not represent the only 
compositions, or even the best, for the 
sample applications listed. 

Cast iron is chosen to provide the de- 
sired properties, including machinability. 
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table & . TYPICAL PROPERTIES OF DUCTILE IRONS 





ww 

3S = : 
a 3 & 3 = 5S 
2 > = =x = Ze 
c ° a = -s 

s > 4 5 5 3 z we ee 
2 5 3 2 2 ~ o g 3 2 Ex 

5 = é a a Zz = a 
2% as cast...... 3.33 0.45 0.11 0.018 2.66 1.65 0.079 265 97 79 2.0 
4% ascast...... 3.41 0.42 0.09 0.014 2.82 0.81 0.073 215 93 72 4.0 
17% ascast...... 3.82 0.23 0.08 0.018 3.04 1.13 0.082 207 85 70 17.5 
20% annealed..... 2.79 0.53 0.09 0.014 2.76 1.59 0.071 183 77 62 20.0 
0.27 0.05 0.014 2.64 1.15 0.060 170 70 56 22.0 


22% annealed.....3.69 





Source: U. S. Air Force Machinability Report, 1950. 


Whether the casting that fulfills these re- 
quirements is a plain gray iron, or one of 
the alloy irons, is less important than 
that the particular foundry produces 
through the combination of composition, 
foundry practice, possible inoculants, and 
possible heat-treatment, a casting with re- 
quired properties. 

Malleable iron. . Standard malleable 
iron consists almost entirely of ferrite 
and nodular graphite. That is, the graph- 
ite is in the form of nodules, rather than 
the flakes found in gray and alloy iron. 
This is accomplished by casting white 
iron and graphitizing it in a special an- 
nealing process, perhaps requiring as long 
as ten days. The exact time and the 
procedure will vary with the grade 
desired, the size and nature of the orig- 
inal castings, and the type of equipment 
available. The shorter times (as low as 
15 hours) require small batches and 
mechanized equipment, so that longer 
times in larger furnaces may be more 
economical. 

The resulting product is basically dif- 
ferent from cast iron. It provides tough- 
ness, impact resistance, ductility, high 
resistance to corrosion, and easy ma- 
chinability. Standard malleable iron is 
produced in two grades, Table 5. The 
ASTM designations for these irons are in 
five digits, with the first three indicating 
the minimum yield point in hundreds of 
pounds and the last two indicating the 
percent of elongation in two inches. 

Grade 32510 is extremely fluid and 
easily cast into light sections. Malleable 
foundries produce it in sections as light 
as M%e in. in limited areas, but it is not 
generally used if there are large areas 
more than 1% in. thick. 

Grade 35018 has a lower carbon con- 
tent providing higher strength and ductil- 
ity. It is regularly cast in sections from 
%o to 21% in. thick. 


Pearlitic malleable irons are produced 
from the same or similar compositions 
required for standard malleable irons, but 
a different annealing process leaves some 
of the carbon content in the form of com- 
bined carbides. (The pearlitic designation 
is a convenient label and does not mean 
that the microstructure is always such 
that the carbides are in the form of 
pearlite.) 

Minimum properties of the ASTM 
grades of pearlitic malleable, Table 6, are 
typical of the range available. In addi- 
tion to these standard grades, a number 
of pearlitic malleable irons are available 
under various trade names. In all cases 
they provide higher strength and wear 
resistance than the standard malleable 
irons, but with some loss of ductility, 
shock resistance, and machinability. 

Nodular iron. . Within the past five 
years a practical method has been de- 
veloped of producing cast iron in which 
the graphite has a nodular or spheroidal 
form, rather than a flake form, in the 
original casting. Variously called ductile, 
nodular, or spheroidal iron, it is obtained 
by the retention of about one pound of 
magnesium in one ton of iron. Because 
magnesium vaporizes below the melting 
point of iron, difficulties were en- 
countered. Several methods have been 
devised for introducing the magnesium 
into the melt just before casting, either 
alone or in combination with other ma- 
terials. 

There has been a rapid growth in the 
number of licensed foundries producing 
this new material, and nodular iron has 
already become an important and fairly 
common material. 

Specifications for several standard and 
tentative standard types are shown in 
Table 7, typical properties of a group of 
nodular irons are shown in Table 8. 
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Heat treating 


treatment because of the presence of graphite flakes and a 
substantially higher percentage of silicon. Silicon has a 
powerful graphitizing effect, so an unalloyed iron may 
become completely graphitized in the course of heating 
for hardening. Hardening is thus generally limited to the 


Heat-treatment is assuming increasing importance with 
cast iron. Annealing to improve machinability has be- 
come common practice in auto plants that have adopted 
high-speed machining and has spread gradually to other 
industries. However, other heat-treatments are possible. 


Cast iron differs from steel in its reaction to heat- 


Stress relieving 


To relieve residual stresses in cast iron, 
heat to 800 to 1100 F, hold at tempera- 
ture for 30 min to 5 hr, and cool slowly 
in the furnace. This treatment will cause 
only a slight decrease in hardness and 
strength at room temperature. 


Annealing 

Annealing to improve machinability 
may require temperatures varying from 
1200 to 1800 F. The temperature re- 
quired will depend partly on the com- 
position, partly on the purpose. The 
critical temperature of a particular cast 
iron is 1346 F plus 50 F times percent 
silicon minus 45 F times percent man- 
ganese. 

Plain irons and those with low-alloy 
content may be heated to 1300 to 1400 
F and held for 45 to 60 min for each inch 
of section thickness. For the high-alloy 
irons, the temperature range will be 1450 
to 1650 F, held for 45 min per inch of 
section. A high-temperature range of 
1650 to 1750 F is required for high-alloy 
irons with mottled or chilled areas, or 
when maximum machinability is required. 

When it is desired to retain maximum 
strength and wear resistance after anneal- 
ing, it is desirable to air cool to about 
1000 F to promote the formation of a 
pearlitic structure. When maximum ma- 


Machining 


chinability is the aim, the castings are 
furnace cooled to 1000 F. Slow cooling 
in this case is particularly important 
through the critical range to promote a 
ferrite and graphite composition. In either 
case, cooling from 1000 to 550 F is best 
done in the furnace at a rate not ex- 
ceeding 100 F per hr to avoid the de- 
velopment of internal stresses. 

In addition to an improvement in ma- 
chinability, annealing will provide in- 
creased resistance to impact. It may in- 
crease damping capacity, thermal con- 
ductivity, and related electrical prop- 
erties. There will be some decrease in 
strength and hardness. Completely an- 
nealed gray iron may have a Brinell hard- 
ness of 120 to 130; alloy irons will vary 
from 130 to 180 Bhn depending on com- 
position. 


Quenching and tempering 


Hardness and wear resistance can be 
increased by quenching from 1500 to 
1600 F and tempering. This treatment is 
rarely applied to plain irons. Alloy irons 
may be quenched in oil, water, or air. 

As quenched, the material usually has 
lower strength than as originally cast. 
Properties are restored by tempering at 
350 F or above. Softening proceeds uni- 
formly as the temperature is increased 
above this point. 

Rough machining is performed before 


lower-silicon irons. 


hardening and allowance must be made 
for growth during heat-treatment. Grind- 
ing is the usual method for finishing. 
Localized surface areas can be hard- 
ened by flame or induction hardening. 


table 9 . . MACHINABILITY RATINGS FOR 
CAST IRON 


B1112 = 100 


Brinell 


Type Rating Hardness 





Standard malleable 
Ferrite—flake graphite 
Nodular—20% ductility 
Pearlitic malleable 
Pearlitic malleable 
50% pearlite 

Coarse pearlite 

Fine pearlite 

5% steadite—pearlite 
5% free carbide 
Mottled 

Chilled 





First of all, it must be repeated that the way to judge the 
machinability of cast iron is not by its hardness, though 
most of the data available have been tied to Brinell hard- 
ness until recently. 

Hardness tests do not indicate the actual hardness of 
the matrix, but an average of the matrix and graphite. 
Thus the matrix will always be harder than tests indicate; 
how much harder will depend on the size and distribution 
of the graphite. 

However, hardness is not ruled out as an indication of 
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structure. Small shops may not have facilities and small 
lots may make microstructure studies impractical because 
the savings that could be obtained from more efficient 
machining conditions would not offset the laboratory 
costs. For large lots, microstructure studies can point the 
way to substantial savings. In other cases, hardness may 
give a clue to structure, but should be recognized as such, 
for different structures can have the same _ hardness. 
Where possible, the tables indicate both structure and a 
typical hardness. 
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table 10. 


eed, sfpm 
HSS Carbide 


Brinell 
Hardness 


HSS Carbide 


- MILLING SPEEDS AND FEEDS FOR CAST IRON 


Helical 


Mills 
HSS 


Feed, ipt 


Sletting & 
Side Mills 
HSS Carbide 


Mills 
Carbide 


End 
Mills 


HSS Carbide 


Form 
Cutters 
HSS Carbide 


Saws 
HSS Carbide 





150-180 110-140 325-400 


180-220 70-100 225-325 


220-300 45-70 150-225 


0.016 0.020 
0.013 0.016 
0.011 


0.012 


0.013 0.016 
0.010 0.013 
0.008 0.010 


0.009 0.012 
0.007 0.010 
0.006 0.007 


0.008 0.010 
0.007 0.008 
0.006 0.006 


0.005 0.006 
0.004 0.005 
0.003 0.004 


0.004 0.005 
0.003 0.004 
0.003 0.003 





Source: Cincinnati Milling Machine Co. 


table 11 . . HORSEPOWER REQUIRED 
FOR TURNING CAST IRON 
Hp/cu in./min. 


Type at 0.010 ipr feed 





Ferrite 0.35 


Pearlitic 0.60 


Chilted 1.20 





Machining characteristics. . Cast iron 
machines with a crumbling chip and re- 
quires techniques quite different from 
steel. Because of the freedom from 
builtup edge, there is no lower limit 
on speed. Generally speaking any de- 
sired speed can be used with tool wear 
almost proportional to cutting speed. 
Recent milling studies on cast iron have 
indicated the existence of a desirable 
minimum speed of 300 sfpm, suggesting 
the possibility that lower limits may be 
discovered for other machining opera- 
tions. 

Cast iron is an abrasive material that 
often causes rapid tool wear. Contrary 
to popular opinion, this is the result not 
of sand inclusions in the metal, but of the 
inherent nature of the material. Much of 
the metal removed comes off in the form 
of a highly abrasive dust. 

Sand inclusions do occur in the sur- 
face of castings and pose an additional 
problem. Good foundry practice can 
minimize, but will not eliminate, them. 
Several methods of dealing with sand 
have been tried, including salt baths, 
hydrofluoric acid, sodium hydroxide, and 
sand blast. The most practical approach 
is usually to make the first cut deep 
enough to cut under the surface inclu- 
sions. 

Chilled edges or hard spots may occur 
in pearlitic structures. They are theo- 
retically not necessary and often can be 
eliminated by good design and foundry 
practice. When chilled edges are found, 
despite precautions, the only cure is to 
anneal unless deep initial cuts will get 
under the chilled portion. 

When strength is not critical, it will 
almost always pay to anneal to a ferrite 
matrix. When strength is a critical 
factor, partial annealing is often still 
possible and desirable. One machine-tool 
builder makes extensive use of annealing 


table 12. . TOOL ANGLES 


Lath 
HSS 


e 
Carbide 


FOR SINGLE POINT TOOLS 


Planer 
Carbide HSS 


HSS 


Boring Mill 
bi 


Carbide 





Side cutting edge angle... 


End cutting edge angle 


front relief 

side relief....... 
back rake 

side rake. .. 


nose radius, in... 


. 6-10 
8-12 
2-4 
2-5 

48 


8-10 
8-10 
4-6 
4-6 
0-4 
2-6 
% 


8-10 
8-12 
2-4 
2-5 
3-5 
6-10 


M4 


6-10 
5-8 


5-10 
8~10 
4-6 4-6 
4-6 2-8 
0-4 
6-8 


(34, 


6-10 
10-12 
2-6 
4-6 





Source: Mechanite. 


table 13. . TURNING CUTS, SPEEDS, AND FEEDS FOR CAST IRON 


Brindell 
Hardness 


Tool 
Material 


rw 
Ss = 
- oe 
a) 
a] 
S2se 
bapa 
os 
os 


Cut 

Feed 

Feed 
0.030 to 0.050 


0.094 to 0.187 
0.015 to 0.030 
Cut 
0.187 to 0.375 


Cut 
0.375 to 0.750 
Feed 
0.030 to 0.090 





Chilled... 


Cast alloy 
Carbide 


Cast alloy 
Carbide. ......350-450 


Cast alloy... 
Carbide... . 


HSS.. 


250-300 


Cast alloy 
Carbide 


120-150 
225-300 
350-450 
120-150 
225-300 
350-450 
120-150 


190-225 
250-350 


75-90 
125-160 
200-250 

60-90 
120-150 
150-200 

40-60 

55-80 

75-100 


w 
bi 
x 
wn 


70-125 
100-200 
30-60 
60-120 
75-150 
20-40 





Source: Firth S 


terling, Inc. 


table 14, . TURNING FEEDS AND SPEEDS FOR MALLEABLE IRON 


Type 


HSS 


feed, ipr 


ee aa 
up to 
1/32 


eet 
1/32 to 


3/32 


cast alloy 
feed, ipr 


up to 
1/32 


1/32 to 
3/32 1/64 


i al 
up to 


Carbide 
feed, ipr 


eet 
1/64 to 
1/32 





Standard malleable... 


Pearlitic malleable 


Surtace feet per minute 
90-120 
55-90 


lg to % 120-160 


\%to 4 90-120 
.mtok 110-140 


\% to & 80-110 


80-110 
50-85 


170-250 
140-170 
150-220 
120-155 


140-170 
110-140 
130-160 
100-130 


220-500 
175-400 
200-400 
150-350 


175-350 
175-300 
150-300 
150-250 





Source: Malleable Founders’ Society. 
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table 15. . TURNING SPEEDS AND FEEDS FOR CAST IRON 
Roughing Finishing 


for innoculated castings, but limits it to 
1200 F. 

Type Brinell —_—— ra ee ree Machining is usually easier with plain 
x Hardness Speed, sipm feed, ipr i than with i eat Alloying is ae 
010-0. 015 misused and it has been said that to take 
010-0.015 a poor iron and add alloy to obtain a 
010-0.015 good iron is the worst way to approach 
010-0.015 the requirements. 

010-0.015 Malleable and nodular irons machine 
015-0.020 more uniformly than gray iron but re- 
010-0. quire more power because of their greater 
015—0.020 toughness. Inoculated irons produced 
015-0 under controlled conditions will usually 
015-0 have more uniform and perdictable struc- 
tures than gray iron so that machining 
is easier. 

Tools. . Carbide tools of the straight 
tungsten-carbide type are most frequently 
chosen because of their wear resistance. 
For the tougher malleable and ductile 
irons, the steel-cutting grades of carbide 
ryan aoe aia oa a es a" Mg. ome at. Wis often give better results. Cast alloy or 

é high-speed steel tools are used to some 
Neutral angle for 0° back rake End relief or clearance extent, the latter especially when other 
6 1144 9 3 factors limit cutting speed. 
3% 5 9% Tool angles are not critical and there is 
3 4 8 usually little point in adjusting them to 
2% 34 = =«7 the microstructure of the material. 
2 3 544 Coolant. . Most cast iron is machined 
1% : 5 dry, though on thin sections or at high 
1 speeds a coolant is helpful. Unlike steel, 
. where oil gives a better finish, there is 
little point in a cutting oil for cast iron, 
so soluble oil is usually used as a 
coolant. 

Chips tend to stack or cake on the 
tool, then wash off, exposing the hot 
carbide to coolant, causing cracks. To 
prevent this, apply the coolant from the 
side or bottom of the tool rather than 
the top. Additives for some soluble oils 
are available that are intended to prevent 
caking. 

Surface finish. . The quality of the 
finish that can be produced depends pri- 
marily on the character of the free graph- 
ite. Irons with large graphite flakes will 
always produce a pitted surface when 
machined because the metal between the 
flakes tends to tear out. Irons with finely 
divided graphite and a close grain can 
produce a much smoother surface. 

Rough cuts tend to increase pitting. 
Fine cuts at high speed will minimize it. 

Setup. . Any movement of the casting 
or tool other than that needed to pro- 
duce the cut will result in inaccurate 
machining and chatter. Machines must 
be in good condition, tools must be heavy 
enough and mounted firmly enough (with 
minimum overhang) to be rigid, and work 
must be rigidly clamped. When chatter 
does occur, rigidity of the setup should 
be carefully checked. Sometimes tool 
angles will be wrong and correcting these 
will eliminate the vibration. Often a 


Fig 1. . Finishing tool for precision boring cast iron. Radius is blended into sides. Feed larger nose radius will help prevent 
is 0.003 to 0.006 ipr, depth of cut is 0.005 to 0.015 in., and speed is 300 to 750 sfpm chatter. 





015-0. 020 600-900 
015-0 .020 600-900 
015-0 400-600 
015-0 300-450 
015-0 275-350 
020-0 200-275 
015-0. 500-700 
035-0 125 

035-0. 100 

035-0 65 


Ferritic.... o 4 ovahiaene 400-600 
Nodular... . 170 400-600 
Coarse Pearlite 197 350-500 
Fine Pearlite 218 250-350 
5% Carbide 240 200-300 
Mottled... . 270 150-250 
Malleable 140 375-550 
Chilled 47 Re 100 
56 R. 80 
60 R. 50 
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Source: Monarch Machine Tool Co. 


table 16. . RAKE AND RELIEF ANGLES FOR PRECISION BORING TOOLS 





9 
9 
9 
9 
9 
9 
8 
8 
7 
7 
7 
6 
6 
6 
6 
6 
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Source: The Heald Machine Co. 
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Milling The tools should be kept sharp and honed wear and straight tungsten-carbide grades 

edges are advisable, but do not hone di- should be chosen for their high resistance 

rectly across the edge to round it. Hone to edge wear. Some fine-grained irons 

along the sides to produce a razor-sharp tend to produce a continuous chip and 

cutting edge. may cause mild cratering of the tool 
Tool wear is primarily abrasive flank surface. 


Milling is the operation § most 
frequently performed on cast iron and 
more milling is done on cast iron than on 
any other material. Most of it is with 
carbide milling cutters. Common prac- 
tice has been to mill at 200 to 300 sfpm, 
with feeds per tooth of 0.005 to 0.020 
in., feed rates usually being under 30 ipm. 
Typical recommendations are in Table table 17. . PLANNING SPEEDS FOR CAST IRON, FPM 
10. Tool Depth of Cut Feed Soft Medium Hard 

Tool life in such operations is usually shatertes =. - 1 170, a oo 
at least one 8-hr shift and tool life is os 4s 
often the determining factor in setting 75 35 
machining rates. The logical base for abt rv 60 25 
milling rates is total cost, and tool life 50 
should be sacrificed if money can be 4 ¢ 160 95 
saved in the process. Contaieg «. J Me 135 80 

The Air Force machinability research ; A290 ae 
program and other studies have estab- * 
lished that carbide tool life is greatest at ( ¢ 165 
300 sfpm regardless of the microstructure Carbide ‘ se 
of the cast iron. Below this speed, tool 
wear is not uniform and localized wear 
shortens life. Therefore, when the equip- 
ment is rigid and powerful enough to per- 
mit, milling speeds should be 300 sfpm or 
higher. table 18. . HSS DRILLS FOR CAST IRON 


wees mulling. -* — angles should Brinell Point angle Lip clearance Chisel point Helix angle 
be provided on face mills for cast iron Hardness deg deg deg deg 


when not milling to a square shoulder. 
These conventionally have been 30°, but 
in recent years corner angles up to 75 
have been adopted. When scale is pres- 
ent, the limit is about 60°. The larger 
corner angles reduce the actual chip 
thickness for the same feed and decrease 
power requirements. Corner angles of 
65 or 75° will give about twice the tool 
life of 30° corner angles for the same 
feed rates. 














Seft...... 125 90-100 : 125-135 24-32 
Medium aes e « 195 90-100 125-135 24-32 
Hard. .. 25 ta 295 118 125-135 24-32 
Chilled : 402 150 115-125 24-32 














The effective cutting angle or true rake 
is determined by radial and axial rake 
and the corner angle. For conventional 
corner angles of 30 to 45°, the true rake 
should vary from + 40 to + 10°. For 
the 60 to 75° corner angles, a high posi- HONE 45°x.004" LAND ON 
tive axial rake is combined with a high STEEL CUTTING DRILLS ONLY. 
negative radial rake so the true rake is 


























. bas , ALL RADIAL LINES ON FACE OF 
slightly positive. A suggested combina- CARBIDE MUST PASS THRU AXIS 
tion ts: OF DRILL. 
GRIND 8° RH. SPIRAL IN FACE OF TIP. 
Axial rake 15 
Radial rake 30° O° FLAT EQUAL TO |, NUTCH WIDTH WITH I6*CLEARANCE 
Corner angle 75 
True rake + 6° 
Inclination + 32° 


POUTTING OIA, 
TOL. + 900, 





CHIP BREAKERS 
Clearance angles for carbide cutters are NG x.OIS"DEEP ON 7 
: : nF LS I"DIA. & 

7° on periphery and corner, 5° on face. — 25 aoe 

For high-speed steel cutters, a primary 

clearance of 4 to 7° and a secondary 

clearance of 3 to 5° are suggested. » WIDTH OF NOTCH =10% OF DRILL DIA + 020" 

020 « 


025 
DEPTH OF NOTCH 

















Turning nee 
Fig 2. . Carbide-tipped drill for cast iron developed by General Electric. It has shown 


Rigid tooling is necessary because cast greater steadiness at light feeds than conventional drills as well as reductions in thrust 
iron has a natural tendency to chatter. and horsepower. The grind is critical and the drill must be operated correctly 
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How to work STEEL . . . cast iron 


Improved finish can be obtained by 
reducing depth of cut and feed and by 
increasing the nose radius of the tool. 
Increased feed reduces the horsepower 
required. 

Negative rake angles, common in steel 
machining, are not necessary for turning 
iron. One set of tool angles for 
single-point tools is shown in Table 12. 
These were developed for Meehanite, but 
can be applied to turning of gray iron 
generally. 

For HSS tools, Allegheny Ludlum sug- 
gests 10° side relief, 8° front relief, 
5° back rake, and 12° side rake. For 
cast alloy, Haynes Stellite suggests 10 
for side and end cutting-edge angles, 5° 
for front and side relief, 0° back rake, 
and 4° For carbide tools, 


cast 


side rake. 


table 19. 


Drill 
Diameter 


Feed, 
ipr 85 


sfpm 


typical angles are 6-8° for end and side 
relief, 0-4° back rake, and 2-4° side 
rake. 

For high-speed turning with carbide 
tools, Monarch suggests 0° back rake, 8 
side rake, 7° relief angles and 9° front 
cutting-edge angles for ali irons except 
chilled iron where side rake is reduced to 
4°, clearance angles to 6°, and front 
cutting-edge angle also to 6°. 

Conventional speeds for gray iron are 
shown in Table 13, for malleable iron in 
Table 14, and for higher speeds with 
controlled microstructure in Table 15. 
Actually speed may be limited by condi- 
tion of the equipment or by size of the 
work. Frequently parts may be of such 
a large or awkward nature that it is un- 


safe to turn at the most economical 


. HSS DRILLING SPEEDS AND FEEDS FOR CAST IRON 


95 sfpm 100 sfpm 110 sfpm 





5192 
3461 
2596 
2077 
1734 
1484 
1298 
1153 
1039 

944 

867 

799 


003 
0035 


004 
0045 


005 
0055 
006 
0065 
007 
0075 
008 
0085 
009 
0095 
010 
0105 
011 
0115 
012 
0125 
013 
0135 
014 
015 
016 
017 
018 
019 
020 
021 
022 


692 
649 


0. 
0 
0 
0 
0. 
0. 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


6717 
4478 


3358 
2687 


2239 
1919 
1679 
1493 
1343 
1221 
1119 
1033 
960 
896 
840 
746 


6112 
4071 


3056 
2443 


2036 
1745 
1528 
1357 
1222 
1110 
1018 

939 

874 


5802 
3868 
2901 
2321 
1934 
1658 
1450 
1289 
1160 
1055 

967 

893 

829 


764 
679 


555 
508 
474 
438 
407 
382 
340 
306 
278 
254 
234 


204 





table 21. 


Type Saw pitch 


1/4 


. PITCH AND SPEEDS FOR BANDSAWING CAST IRON 


Saw velocity, sfpm 


Work thickness, in 


3 


1/16 1/4 1 





Gray iron 14 
Malleable iron 12 
Meehanite 


200 
200 
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speeds. In such cases, HSS tools 


be used effectively. 


Precision boring 


Typical carbide tools for precision bor- 
ing of cast iron have no rake. Radius is 
controlled by finish required, lead, and 
the pressure. Typical values are 0.015 to 
0.030 in. on small bores, 0.030 to 0.060 
in. on larger bores. 

When the tool is mounted above the 
center of the work, back rake must be 
provided on the tool to produce effective 
zero rake in cutting. This neutral angle 
and the front clearance required are 
shown in Table 16. If the tool is set at 
an angle in the quill, the side clearance 
angle C must be increased to provide 
sufficient clearance for F. 


Planing 


Carbide tools are often chosen for 
planing, especially on modern equipment 
where relatively high speeds are possible. 
High-speed-steel tools are still widely used 
and are generally preferable for hogging 
cuts above % in. and for slotting cuts 
where the depth of cut exceeds the lift 
of the clapper box. 

Two methods used at Warner & Swasey 
for rough-planing vertical surfaces are to 
use two square-nose side roughing tools 
taking a %4-in. average depth of cut, or 
two lead-angle or round-nose roughing 
tools, also at %4-in. depth of cut. Where 
there is no interference, a round-nose tool 
is preferred because of the higher feed 
possible (0.030 in. compared with 0.016 
in.). Square-nose tools are naturally re- 
quired in cutting to shoulders. 


table 20 . . THREADING SPEEDS 
FOR CAST IRON 


7, UNC 
Diameter, in. rpm sfpm 


UNF 


rpm sfpm 





917 60 60 
733 60 60 
560 55 60 
55 60 

382 50 60 
340 50 55 
306 50 55 
45 50 

45 50 

45 50 

45 45 

40 45 

40 45 

87 40 40 
67 35 40 
59 35 35 
53 35 35 
49 35 35 
38 30 35 





Source: Landis Machine Co. 
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For semi-finishing on vertical surfaces, 
depth of cut is 0.010 to 0.012 in., and 
for finishing cuts is 0.001 to 0.003 in. 
Feeds on vertical surfaces are about half 
those for horizontal surfaces. Cuts are 
taken on only one side at a time in finish 
operations. Typical planing speeds are 
given in Table 17. With older equipment, 
speeds are generally limited by the top 
speed of the planer. 


Broaching 


Broaches are the same general design 
as for steel except that a greater step 
per tooth is possible with cast iron. This 
is usually 0.006 in. for roughing teeth, 
stepping down to 0.001 in. for finishing 
teeth. 

Face angles are 6 to 8°, with clearance 
angles of 2 to 3° on roughing teeth, 1° 
on semifinish teeth, and 0.5° on finish 
teeth. A shorter pitch is possible than for 
steel because less chip space is required. 

Broaches with single-point inserted car- 
bide teeth work well. Speeds can be con- 
siderably higher than the conventional 
12 to 30 fpm. Carbide broaching speeds 
of 200 fpm are giving good results. 


Drilling 

With high-speed drills in cast iron, a 
fairly wide range of drill designs, speeds, 
and feeds will produce satisfactory re- 
sults.. Because drill failure may result 
from hard spots or scale it is difficult to 
measure accurately the effect of changed 
conditions. 

When casting skin is to be removed 
by a machining operation, it is better to 
defer drilling until this has been done. 

For ferritic and pearlitic gray irons, a 
drill with a point angle of 90 to 100° 
is preferable to the conventional 118° 
point. A chamfer of 60° has greatly in- 
creased drill life in multiple-spindle work 
on automotive cylinder heads and is 
worth investigating for other drilling op- 
erations. 

With high-speed steel, the speed for 
malleable iron is likely to be 85 to 95 
fpm and for gray iron is usually recom- 
mended at 100 to 110 fpm. See Table 19. 
With cobalt high-speed drills, the speed 
may be increased at least 25%. 

In fact, the high abrasion resistance 
of such steels as T15, M3, and M4 make 
it more sensible to select them instead 
of the conventional T1 or M2 for drilling 
cast iron. (For compositions and proper- 
ties of these tool steels, see p136). Pro- 
duction on such drills may run from two 
to ten times as high as with regular HSS. 

Carbide drills find increasing applica- 
tion, usually for specialized jobs. They 
may either have carbide tips and wear 
strips or solid carbide ends. Such drills 
are more satisfactory at light feeds and 


high speeds (though one test of a special 
carbide drill showed the best combination 
to be 139 sfpm at 0.025 ipr feed). When 
slow speeds and heavy feeds are required, 
it is better to use conventional drills. 

Equipment must be rigid and powerful 
to handle the higher speeds and feeds. 
When old drillpresses must be used, it 
will probably be necessary to reduce both 
speed and feed from the optimum. 

Drills will cut more accurately and last 
longer if machine ground. The nose 
angles must balance transverse loads (dif- 
ficult with hand-ground drills) for the 
outside corners to run true. If tite drill 
cuts oversize it will chatter, if undersize 
it will rub. A good drill will often work 
in a poor machine—a poor drill will not 
work even in a good machine. 

In high - production multiple - spindle 
drilling of cast iron, it will usually pay to 
determine the normal drill life under the 
conditions and shut down the machine 
and remove and replace all drills before 
this point is reached. 


Reaming 

Reamers are typically operated at 65 
to 75 sfpm for gray iron, about 55 to 60 
sfpm for malleable or nodular iron. Feeds 
should be two or three times as great as 
for drills of the same size. Feeds are re- 
duced for heavy cuts to avoid spiral 
marks or a wavy finish. 

Most cast-iron reaming is done dry, 
though taper reaming sometimes is aided 
by lard or soluble oil. For malleable iron, 
soluble oil is the custornary lubricant. 


Tapping 

High-speed-steel ground-thread taps 
should be run at about the same speed as 
the drill. This requires a tap of the proper 
size, rigidly held. Speed may have to be 
limited by conditions of the machine or 
setup (horizontal taps cannot run as fast 
as vertical taps) but should usually fall 
in the range of 90 to 150 sfpm. It is well 
to remember that most taps are broken 
by insufficient speed. 

Gray iron can be tapped either with 
soluble oil or dry. Malleable and nod- 
ular iron should be tapped with soluble 
oil as a lubricant. 


Threading 

Thread chasing with tangential chasers 
requires a 15° rake angle for gray iron 
and an 18° rake angle for malleable iron. 
Radial chasers should have zero rake for 
gray iron; for malleable iron rake should 
be 7° with milled chasers and 10° with 
hobbed chasers. Speeds are shown in 
Table 20. 

Although gray iron is usually threaded 
dry, a soluble oil or kerosene coolant 
will give better results. Soluble oil is 
customary with malleable iron. 


American Machinist ¢ MID-NOVEMBER, 1954 


Cutoff 


Circular Sawing. . Blades should have a 
pitch of 0.40 to 0.70 in. for cutting bars 
under 3-in. dia, 0.70 to 0.90 in. for bars 
4- to 7-in. dia, and 0.90 to 1.10 in. for 
bars over 8-in. dia. Teeth should have 
10° rake and 7° clearance. 

Typical speeds are 45 to 60 sfpm for 
work under 6-in. dia, and 35 to 45 sfpm 
for larger diameters. Feed rates are us- 
ually determined by the cutting rate that 
is possible. Cast iron can be cut at 8 to 
14 sq in. per min. Thus from the cross 
section of the piece to be cut, a feed rate 
can be determined that will give a pro- 
duction rate in this range. 

Friction cutting with circular saws has 
not been satisfactory for cast iron. 

Hacksawing. . Hacksaw blades for gray 
iron usually have 6 to 10 tpi and operate 
dry at 70 to 100 sfpm. For malleable iron 
they have 4 to 6 tpi and operate at 90 
to 120 sfpm with a soluble oil or mineral 
lard oil cutting fluid. In general, as coarse 
a pitch as possible should be selected pro- 
vided at least two or three teeth are in the 
cut. 

Bandsawing. . Saw blades for straight 
or contour bandsawing normally are raker 
set (one tooth left, one right, one straight) 
with pitch from 6 to 18 tpi and speeds 
from 50 to 200 sfpm (see Table 21). 

Cutting rate is determined by the pres- 
sure of the feed—applied by hand or 
power. The pressure should be even with- 
out forcing the work. It may result in 
feeds for straight cuts from as much as 
16 ipm on 4 in. sections down to 1 ipm 
on 3-in. sections, or even less. Slower 
feeds are required on contour cuts. 

Friction cutting of cast iron in band- 
saws is possible, but the results are not 
usually very satisfactory. 

Abrasive cutting. . Cast iron can be cut 
with abrasive wheels. Typical wheels may 
be either rubber or resinoid bond with a 
16 to 30 grain size, medium grade, and 
open structure. Typical cutting is dry at 
16,000 sfpm. 


Grinding 

Unlike machining operations, where 
the allowance for machining should be 
great enough for the roughing tool to cut 
under any scale or surface inclusions, the 
grinding allowance should be kept at a 
minimum. The grinding wheel will cut 
through scale or hard spots without 
trouble. 

Silicon-carbide grinding wheels are the 
normal choice for grinding gray iron and 
aluminum-oxide wheels for malleable 
iron. Suggested wheels are listed in Table 
22. These are intended only as an initial 
guide and the recommendations may have 
to be modified to suit a particular job. 

Much of the general description on the 
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How to work STEEL . 


TYPICAL GRINDING WHEELS FOR CAST IRON 


table 22. 


Operation 
Abrasive 


. . cast iron 


Grain Size 
Structure 
Wheel Speed, sfpm 





Gray Iron 
Centerlesss sil carb 
Cutting off alum ox. 
Cylindrical sil carb 
Internal sil carb 
Surfacing (cups & cylinders) sil carb 
alum ox. 
Surfacing (segments) alum ox. 
Surfacing (disks) sil carb 
sil carb 
Surfacing (straight wheels) sil carb 
Snagging, floor stand sil carb 
sil carb 
Snagging, swing frame sil carb 
sil carb 
Snagging, portable sil carb 


sil carb 


Malleable Iron (annealed) 

Snagging, floor stand alum ox. 
alum ox. 
Snagging, swing frame alum ox. 
alum ox. 
Snagging, portable. alum ox. 


alum ox. 


Chilled Iron 

Snagging, floor stand sil carb 
sil carb 
Surfacing (cups & cylinders) sil carb 


Surfacing (straight wheels) sil carb 


5500 to 6500 
9000 up* 

5500 to 6500 
2000 to 6000 


4000 to 6000 
4000 to 6000 


4000 to 6000 
4000 to 6000 
4000 to 6000 
4000 to 6000 
5000 to 6500 
7000 to 9500 
5000 to 6500 
7900 to 9500 
5000 to 6500 
7000 to 9500 


a 


ww 
CVO TH“KEBIRS YUE 
>wrunwuounwnnp wo 


5000 to 6500 
7000 to $500 
5000 to 6500 
7000 to 9500 
5000 to 6500 
7000 to 9500 


16 5000-6500 
16 7000-9000 
24 4000-6000 
36 4000-6000 





“Speeds up to 16,000 sfpm are suitable when tnachine, bearings, and guards permit. 


Source: Norton Co, 


grinding of steel (p 91) will apply to cast 
iron. Cast irons are generally easier to 
grind than steel and stock can be removed 
faster. An average feed rate for surface 
grinding is 0.020 to 0.030 ipm, but may 
run higher when the grinding width is 
narrow. 

Wheel loading can be a problem. Load- 
ing forms a glaze on the wheel that re- 
duces cutting action. Because cast iron 
does not throw an obvious spark, there 


Welding 


is some danger of building up pressure 
by continuing feed of a wheel that is no 
longer cutting. 

If the machine is equipped with an 
ammeter to show current drawn by the 
wheel-spindle motor, is it easy to check 
for loading by stopping the feed. The 
ammeter should drop back to zero fairly 
rapidly. If it does not, the wheel is prob- 
ably glazed. 

For wet grinding, any good grinding 


table 23. . APPROXIMATE SPEEDS 
FOR HONING GRAY IRON 


Diameter, in. Roughing, rpm Finishing, rpm 





400 500 
360 

280 

220 

180 

140 

100 

65 

56 

35 





compound containing a rust inhibitor and 
moderate lubricating properties mixed 
with water in a 1:50 ratio should be satis- 
factory. Where there is difficulty with 
wheel loading, sodium hydroxide or Oak- 
ite have been reported to give better re- 
sults as a coolant. 

Wheel loading can be reduced by 
changing to a softer or coarser wheel, by 
increasing the feed or speed, reducing 
the width of work surface, or more fre- 
quent wheel dressing. 


Honing 

Silicon-carbide abrasive sticks are 
usually chosen for honing cast iron with 
straight kerosene, mineral seal oil, or 
a mixture of the two, as a coolant. Cut- 
ting speed is critical and a guide is given 
in Table 23. The exact speed can be 
selected based on the noise produced by 
the operation. Avoid the high-pitched 
squeak caused by too high a speed and 
the soft swishing sound of too low a 
speed. A harsh cutting noise is heard 
at correct speed. 


Lapping 

Loose abrasive and cast-iron laps are 
rarely found to be satisfactory for lapping 
cast iron. Good results can be obtained 
with a bonded abrasive lap. For flat lap- 
ping to produce a medium quality finish, 
a wheel grade such as A90117V is sug- 
gested. A flood of filtered, perhaps re- 
frigerated, coolant is necessary and can 
be a mineral seal oil or thin mineral 
oil similar to kerosene. 


Gray iron can be welded satisfactorily by either gas or 
arc methods if the proper procedure is followed, but not 
by the conventional methods for steel welding. 

The rigidity and high-carbon content of gray iron re- 
quire special handling. Expansion in the weld area and 


46 


not in the rest of the casting may cause fracture if the 
casting design is not such that the stresses can be ab- 
sorbed. This danger is avoided by proper preheating of 
the casting. 

The high-carbon content requires slow cooling to per- 
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mit the carbon to separate out as graphite flakes. Failure 
to do this will result in mottled or chilled areas. 

Welding may be desirable for assembly work or for 
the repair of castings. Though it has been the general 
practice in the past to discard broken castings without 
attempting salvage, this is not necessary today. 

When malleable iron is welded, a brittle structure is 
formed. Repair of localized defects that do not extend 
into stressed sections is possible if it can be done without 


letting heat penetrate into critical areas. Malleable iron 
can be brazed with low-temperature rod if temperature 
does not exceed 1350 F. Of course, the malleable foundry 
can make fusion welds in the original white-iron castings 
before they are malleablized. 

Nodular iron is readily arc welded by the same methods 
followed for gray iron. The weld zone has a tensile 
strength of about 60,000 psi and the ductility ranges up 
to about 10%. 


Gas welding 


Oxy-acetylene welding has advantages 
because of the close temperature control 
that is possible. The casting should be 
preheated to 800 to 1050 F or higher 
and welded while hot with a gray-iron 
filler rod containing a high percentage 
of silicon and carbon, because some of 
these elements will be burned out by the 
torch. For alloy irons, an alloy rod is 
usually chosen. 

Small castings can be preheated with 
the torch, while larger ones should be 
furnace heated. When a small non-critical 
area of a large casting is to be welded, 
good results can often be obtained by 
preheating in a furnace to 500 to 600 F, 
then locally heating the weld area with 
the torch. 

Flux is required to remove oxides. 
The torch has a neutral flame and is 
worked ahead of the puddle to melt the 
casting along the side of the V-notch 
conventionally cut before welding. The 
torch is also run back over the com- 
pleted weld zone from time to time 
to retard cooling. 


Impregnation 


When the weld is completed, the cast- 
ing should be cooled slowly, preferably 
in a furnace. This procedure will result 
in a strong weld that is soft and machin- 
able. 

Bronze welding. . For applications not 
requiring high-temperature resistance or 
electrolytic corrosion resistance, a copper- 
zinc filler rod will simplify the operation. 
Preheating can often be eliminated, or 
done at a lower temperature, and castings 
can be repaired by this method that 
would be impossible to preheat. 

The weld area must be thoroughly 
cleaned. Sandblast will remove the sur- 
face graphite and simplify the “tinning” 
of the surface. If this is not successfully 
accomplished, the filler metal will not 
adhere. 


Arc welding 

Preheating the casting is desirable, 
though it can sometimes be avoided 
because of the limited area that is heated. 
However, there are difficulties with tem- 
perature control and hard spots may 
result. 


Mild-steel electrodes. . The first suc- 
cessful welding of cast iron was by arc 
welding with mild-steel electrodes. This 
will produce a strong weld but it is 
almost impossible to avoid a hard area 
at the edges, and it is now primarily 
applied to minor repairs. If studs are 
employed, lay one or two beads around 
the studs first to insure intimate bond. 

Bronze electrodes. . Braze welding 
without preheating is possible, though 
a preheat to 250 to 400 F is safer. To 
avoid overheating, weld current should 
be as low as possible for satisfactory 
operation. 

Nickel electrodes. . Electrodes of com- 
mercially pure nickel, of Monel, or 
other high-nickel compositions are pre- 
ferred when a machinable weld is re- 
quired. Use as small an electrode as 
possible and deposit short, straight beads 
an inch or two in length. Allow the 
weld area to cool between deposits and 
peen lightly. Remove the flux by scratch- 
ing or wire brushing before depositing 
the next bead. Gray iron can be as- 
sembled to other ferrous metals by this 
method. 


Castings frequently must be pressure tight. Porosity may 
occur because of improper foundry practice, poor casting 
design, stresses set up in cooling, and differences in solid 
solubility of dissolved constituents at different tempera- 
tures. 

Early methods of sealing included allowing castings to 
rust for a long period of time, or the application of 


Best practice is generally a batch 
process in which parts are placed in 


introduced, forcing the sealant into the 
pores in the casting. This cycle is gen- 


sodium silicate or tung oil. Such methods had limited 
effectiveness. 

Recently, effective methods of sealing castings by im- 
pregnating them with thermosetting resins have been de- 
veloped. Impregnation is not only applied for salvage of 
faulty castings but as a production method to resist high 
pressures or chemical action. 


This impregnating method is also a 
bonding method. Parts of similar or 
dissimilar material can be assembled 


an autoclave and air is evacuated until 
a 28-in. vacuum has been maintained 
for a period sufficient to evacuate air 
from the casting porosities. Sealant is 
then introduced into the bottom of the 
autoclave until it covers the castings. 


erally continued for about 30 min., after 
which the sealant is drained out and 
the parts removed and rinsed off. After 
drying, final step is to cure in an oven 
to set the sealant, a typical cycle being 
10 min at 300 F. Capillary action keeps 
the sealant in the pores during rinsing 


and then put through the regular im- 
pregnating cycle to bond them to resist 
lateral or internal pressures. Various 
impregnating machines are available that 
operate on this method and there is a 
choice of thermosetting copolymers under 


The atmosphere in the autoclave is 
next neutralized and air at 100 psi is 
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and cleaning prior to curing. 


various trade names. 


47 





Steel castings 


Cast steel is steel produced by any of the commercial 
processes and poured into molds. If further processed 
by hot or cold working, it becomes wrought steel; if 
cast initially in the form desired, it is classed as a steel 
casting. 

The basic difference between cast iron and cast steel 
is in the carbon content. When the carbon is high enough 
that some of it is in the form of free graphite, the 
result is cast iron; with no free graphite, it is cast steel. 
Any of the compositions of wrought steel can be cast. 

Five basic classes of commercial steel castings are: 

1. . Low carbon (below 0.20) 

2. . Medium carbon (0.20 to 0.50) 
3. . High carbon (above 0.50) 

4. . Low alloy (below 8%) 

5. . High alloy (above 8%) 


table 24. . MINIMUM PROPERTIES FOR TYPICAL CAST STEELS 


In the carbon grades, the bulk of the production is in 
the medium-carbon range. Carbon grades are distin- 
guished from alloy grades by containing less than 1.0 
manganese, 0.8 silicon, 0.5 nickel or copper, 0.25 chro- 
mium, 0.1 molybdenum, or 0.05 vanadium, tungsten, 
aluminum, titanium, or zirconium. In both carbon and 
alloy steel castings, normal limits are 0.06 for sulfur and 
0.05 for phosphorus. 

Both carbon and low-alloy steel castings are more 
often specified by properties than by compositions. In 
the routine production of carbon-steel castings, analysis 
is made only for carbon, manganese, silicon, sulfur, and 
phosphorus. Thus carbon steels may contain enough of 
the other elements as residuals to place them in the 
alloy-steel class when considered on this arbitrary basis of 
classification. 


Minimum properties have been stand- 





Tensile Yield 


ASTM Strength Point Elongation 


Grade M psi M psi 


ardized for a number of grades of steel 
——— castings (Table 24). Typical properties 

will run from 10 to 40% higher than these 
minimum values and such properties for 





the range of low-alloy steels are indicated 
in Table 25. 

High-alloy steel castings are usually 
adopted where corrosion or heat resist- 
ance is required. These are usually speci- 
fied by chemical composition, as well as 
other factors, and the principal grades 
are shown in Tables 26 and 27. Composi- 
tions in the two groups are often similar 
except that carbon content is higher in 
the heat-resistant grades. The usual basis 
of division is that the corrosion-resistant 
castings are for service below 1200 F, 
and the heat-resistant castings for higher 
temperatures. 
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Both physical and mechanical prop- 
erties of steel castings are about the same 
as for wrought steels of the same com- 
positions. Where the working of wrought 
steels develops directional properties so 
that the values in. the longitudinal di- 
rection are higher than in the transverse 
direction, the steel casting will usually be 
equivalent to the average of the two 
values for wrought steel. 


Heat treating 


Steel castings usually have slightly 
higher hardenability than similar wrought 
steels because of their higher manganese 
and silicon content. The difference is 
slight and transformation temperatures 
and curves for the wrought steels can be 
followed. 

Quenched and tempered steel castings 
have only come into general use since 
1940. Prior to that time it was thought 
that cast steel could not develop the high 
properties of wrought steel. The need 
of the Army for higher strength steel 
castings led to tests that produced hard- 
ened cast armor plate. The use of the 
quenched and tempered steel castings has 
increased steadily since that time. 

The following outline of the possible 
heat treatments applies to carbon and 
low-alloy steel castings: 

Annealing. . Full annealing is usually 
confined to carbon-steel castings. Cast- 


ings are heated at a rate of 150 to 200 F 
per hour to a point above the transforma- 
tion temperature range. A temperature of 
1650 F is most common, but may vary 
from about 1575 to 1750 F for some of 
the alloys. The casting is held at this 
temperature for about an hour for each 
inch of section up to a maximum of 10 
or 12 hr. The work is then cooled 
slowly in the furnace to below 1000 F, 
after which the cooling rate can be faster. 

Full annealing produces good ductility, 
low tensile, yield, and impact values. 
High annealing temperatures produce a 
coarse grain structure. 


Normalizing. . Castings are heated and 
held at temperature in the same manner 
as for annealing, but are then removed 
from the furnace and cooled in still air. 
This is not a drastic hardening process, 
but will produce higher properties than 
annealing. They will vary through the 
casting, being higher in thin sections and 
lower in heavy sections (though still 
higher than in annealed castings). 

Quenching. . Castings are heated to a 
point above the transformation tempera- 
ture range, though about 100 F lower 
than for annealing or normalizing, after 
holding at this temperature for 30 to 60 


table 25. . TYPICAL PROPERTIES OF LOW ALLOY STEEL CASTINGS 





Yield 
Point 
M psi 


Tensile 
Strength Elongation 


% in 2 in. 


Reduction 
of Area 
% 


Mochinability 
(B1112=100) 


Brinell 
Hardness 








table 26. . COMPOSITION AND TYPICAL PROPERTIES OF CORROSION-RESISTANT CASTINGS 
Yield 


Mn 
max 


Si 


max 


Tensile 
Strength 
M psi 


Poin 


M psi 


t Brinell 


Hardness 


Elongation 


Heat Treatment 
% in 2 in. °F 





00 


.00 


.00 


.50 


.50 


50 


.50 


.50 


50 


50 


.50 


.50 


.50 


.20 50 


1 


50 


.50 


.00 


.00 


00 


.00 


.00 


.50 


.50 


.00 


00 


.00 


00 


Go 


.00 


95 
120 
135 

75 

70 


8-11 97 


8-11 78 


8-11 83 


9-124 88 


9-124 88 


9-12° 85 


9-12! 80 


10-13 80 


22- 12-15 82 


22 12-15 88 


23-27 19-22 76 


78 


110 


120 


50 


65 


67 


38 


42 


45 


45 


44 


42 


40 


44 


50 


38 


185 1800 AC-1350T 


241 1800 AC-1100T 


170 1800 AC-1100T 


170 1850 OQ-1400T 


212 as cast 


170 2000 WQ 


140 2000 WQ 


50 163 2000 WQ 


50 156 2000 WQ 


50 156 2000 WQ 


45 149 2000 AC 


45 156 2000 WQ 


55 131 2000 WQ 


38 170 annealed 


38 184 2000 WQ 


21 180 2000 WQ 





*0.20 min C. >0 


0.40-0.80 Mo. 


5 max Mo. ¢0.90—1.20 Cu opt. 


42-3 Mo. *8 XC Cb. 


AC—air cooled, OQ—oii quenched, WQ—water quenched. 
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f Either 0. 20-0.35 Se, 0.17 max P, and 1.50 max Mo; or 0. 20—-0.40 S and 





How to work STEEL . 


min for each inch of section, they are 
quenched. Water or oil are most com- 
mon, depending on the rate of cooling 
desired. Blast air is sometimes employed 
for a less drastic quench. Where there 
are wide’ variations that might cause 
cracking of thin differential 
quenching, spray quenching, or the pro- 
tection of thin sections with plates may be 
resorted to. 

Tempering. . Before tempering, the 
castings should be cooled below 250 F, 
but they must be tempered promptly after 
quenching to remove residual stresses. 
Tempering is also performed after nor- 
malizing. The tempering temperature 
may range from 400 to 1275 F, depend- 
ing on the properties required, but is 
most frequently in the 1000 to 1200 
range. Castings are heated uniformly to 
the required temperature and held an 
hour for each inch of thickness with a 
minimum of 2 hr. If the tempering 
temperature is below 850 F, castings are 
held longer than this to insure the com- 
plete removal of stresses. The work is 
ordinarily cooled in the but 
may be cooled in still air or quenched in 
water when temper brittleness would be 
encountered and good impact resistance 
is desired. 

Stress relieving. . When stress relief is 
the only requirement, 
tempered between 500 and 1000 F. A 
temperature of 750 F will reiieve about 
50% of the residual stresses and of 
1000 F will relieve more than 90%. A 
temperature of 900 to 1000 F is most fre- 
quently chosen. When the castings have 


sections, 


furnace, 


the castings are 


. . castings 


been normalized, this temperature will 
have little effect on strength or ductility. 

Time-temperature quenching. . When 
a casting is of such a shape that it might 
crack if kept in the quenching bath until 
cold, it is customary to remove it from 
the quench when the heaviest section has 
reached 500 F. To do this, the time 
required for the heaviest section to reach 
this temperature in the bath is deter- 
mined by tests with a pilot casting or test 
specimen of the appropriate section. The 
castings in the production lot are then 
removed from the bath at the end of the 
proper time cycle, allowed to equalize, 
then placed immediately in the tempering 
furnace. 

Salt-bath hardening. . Steel castings 
can be hardened in salt baths by mar- 
tempering, austempering, or isothermal 
quenching. The procedure is the same 
as for wrought steel (see p65). 

High-alloy castings. . The straight chro- 
mium compositions are hardenable and 
are usually heat treated to develop better 
properties. The typical procedure is to 
heat to about 1800 F, air cool or oil 
quench, and temper at 1100 F. 

The austenitic chrome-nickel grades 
are heat treated only for the purpose of 
improving resistance to corrosion. The 
treatment will depend on the alloy and 
the nature of the corrosive attack to be 
resisted. A frequent method is to heat 
uniformly to 1950 to 2050 F, then 
quench rapidly in air, water, or oil. A 
less satisfactory method, when the shape 
of the casting prevents rapid quench, is 
to hold at 1600 to 1800 F for 24 to 48 hr. 


The heat-resistant casting grades: are 
rarely heat-treated except when an an- 
nealing is necessary to relieve casting 
stresses. 


Machining 

Steel castings have the same 
chining characteristics as wrought steels 
of similar composition and microstruc- 
ture, except for the complication caused 
by the casting skin. 

Most steel castings are delivered in the 
normalized condition which may not be 
the best microstructure for machining. 
Tests of carbon (1040) castings indicate 
that the best machining comes with a 
structure that is 60% ferrite and 40% 
pearlite. When other conditions permit, 
it may be possible to double or triple 
tool life by heat treating the castings to, 
a more machinable structure. 

Research for the Steel Founders Soci- 
ety of America by Metcut indicates that 
plain carbon steel castings should be 
machined with  steel-cutting carbide 
grades at 400 to 600 sfpm and low- 
alloy steel castings with the same tools 
at 200 to 400 sfpm. With HSS tools, 
the range is 80 to 180 sfpm. 

When possible, it is better to take an 
initial hogging cut that will go below the 
casting skin. When it is necessary to 
machine this skin, speeds will generally 
need to be cut in half. 

With these precautions, the machining 
instructions in the section on wrought 
steels that follows can be applied to 
steel castings. 


ma- 


table 27. . COMPOSITION AND TYPICAL PROPERTIES (AS CAST) OF HEAT-RESISTANT CASTINGS 


Mn Si 
max max 


Tensile 


Mo 
max 


Strength 
ye 


psi 


Yield 
Point 
M psi 


Brinell 


Elongation 
Hardness 


% in 2 in. 





50 max 


50 max 


20-0 .50 


20 


20 


20 


20 


20 


0.35 


35 


70 


85 


85 


65 


48 


45 


45 


45 


45 


47 


53 


40 


40 


36 


40 
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how to work 


Nuggets 
on selection of carbon 
and alloy steels 


e You cannot describe an AISI or SAE steel by the 
number alone. Ladle analysis range is always important. 
For carbon steels, see page 59 for analysis limits; for 
alloy steels, see page 60. A third important matter is 
the quality classification of the steel. 

e Steel “quality” is relative in most cases. The impor- 
tant elements of a quality description are determined by 
end use of the steel. Surface condition and soundness 
for one purpose may be unnecessary and expensive for 
another end use. 

e Cost of steel increases with alloy content and quality 
restrictions, which may or may not involve restrictions 
on ladle analysis. The more restrictions you apply, the 
more operations the steelmaker must include. 

e Be careful to specify steels that are readily available, 
and in your producing district. More than 4000 analyses 
were produced in the prewar period, but only a fraction 
of these are standard now. Even so, many currently 
listed steels are made only in small volume. 

e The tendency is for the consumer to use steels of 
too many analyses. Unless precise processing control 
and large-volume production are involved, there is not 
much point to buying analyses that differ only slightly. 
e Steel grades in most common use are probably those 
with numbers ending in 0 and 5, when you talk alloy 
steels. Check with vendors, then choose the fewest 
steels that will satisfy your needs. 

e People overlook the benefits of a simplification pro- 
gram by failure to know or to remember the influence 
of elements added to steel. Carbon is the principal hard- 
ening agent in steel. The strength of properly quenched 
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and tempered steel is in proportion to the hardness. For 
lighter sections you may not need any alloy to get 
needed properties. For heavy sections you will need 
alloy to develop strength and toughness in the core. 

e The manganese steels offer an excellent opportunity 
to get greater physical properties at moderate cost. Also 
there are boron steels (bor- 

on has an intense harden- 7 
ing effect) that conserve ims a a hagedingnen: 
alloys. (BASE PLUS ALLOY COST) 
e Use of H-steels (avail- 

able only in alloys) is a 

good way to match product 

requirements with current 

“facts of life” in the steel 

industry. Instead of chem- 

istry restrictions, you pick 

a steel that gives the de- 

sired hardness at a speci- 

fied depth, according to 

published ‘“hardenability 

bands.” 

e By using H-steels you 

give control of chemistry 

—carbon, nickel, mangan- 

ese, chromium and molyb- 

denum — to the _ steel 

maker, and gain back bet- 

ter control of hardenability 

at reasonable cost. 

e Characteristics of plain 

carbon steels are briefly: 
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1006 to 1015—-selected for cold formability, not 
strength especially. Used for stampings, cold heading wire 
and low-carbon wire products. 

1016 to 1030—commonly known as carburizing or 
casehardening grades, when heat treated, and used for 
numerous forged parts. 

1030 to 1052—All of these steels are used for forgings, 
the physical properties and section dimensions govern- 
ing the analyses selected. An increase in mechanical 
properties, section size, or required depth of hardness 
will call for higher carbon or manganese, or both. This 
group of steels is also used for machined parts, with 
or without heat treatment. 

1055 to 1095—high-carbon steels for wear-resistance 
uses, springs, thin stamped parts. These steels are for 
structural purposes only. High-carbon tool and die steels 
are specialty materials made under different and exacting 
procedures. 


1111 to 1113—free-machining steels of good strength 
but not used for vital parts. Machinability within the 
group increases with sulfur content. Leaded free-machin- 
ing steels likewise have high machinability, although not 
given an SAE number. 

1108 to 1126—these steels are characterized by good 
machinability plus more uniform response to heat-treat- 
ment than the preceding free-cutting steels. Case harden- 
ing treatments can be applied. 

1132 to 1151—Used where a large amount of machin- 
ing is necessary as in threads and splines. All of these 
steels may be selectively hardened by induction or flame. 
The higher-carbon types are used for oil-quenched parts. 
e Characteristics of alloy steels may be summarized as: 

Carburizing steels with high-hardenability-case char- 
acteristics are the 2500, 3300, 4300, 4800 and 9300 
series. These are high-alloy steels. Hence, the case and 
core have high hardenability, making them suitable for 
carburized parts having thick sections. 

Medium-hardenability-case steels, between carbon 
grades and the high-alloy grades above, are the 1300, 
2300, 4000, 4100, 4600, 5100, 8600, and 8700 series. 
Satisfactory case hardness is obtained with most of 
these steels by oil quenching. 

Directly hardenable grades of alloy steels fall into five 
carbon ranges: 0.30 to 0.37% C for parts requiring 
moderate strength and great toughness; 0.40 to 0.42% C 
for items requiring higher strength and good toughness; 
0.45 to 0.50% C for fairly high hardness and strength 
with moderate toughness; 0.50 to 0.62% for springs and 
hand tools, and 1.02% for ball and roller bearings. 


Quality descriptions of steel products 


Bars, hot rolled 


Carbon steel. . Two qualities are: 
Merchant Quality and Special Quality. 

Merchant quality. . Bars of this quality 
are supplied to standard non-resulphur- 
ized chemical grades or ranges to ladle 
analysis only, or to standard mechanical 
properties. Merchant quality is not rec- 
ommended when forging or heat treating 
are involved. Typical applications are 
simple longitudinal cold bending, mild 
hot forming, punching and welding as 
used in the production of noncritical 
parts of equipment and general ma- 
chinery. 

Special quality. . Carbon-steel bars are 
produced for applications involving forg- 
ing, heat treating, cold drawing, machin- 
ing, etc., in standard or non-standard 
chemical grades or to mechanical prop- 
erty specifications. Bars may contain 
some surface imperfections which may 
make the steel unsuitable for certain 
applications. 
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Additional requirements that may be 
applied are: Cold Heading, Special Sur- 
face, and Heat Treating Requirements. 

Alloy steel. . Bars may be specified to 
chemistry, grain size (coarse or fine) and 
limited end-quench hardenability require- 
ments. 

Standard H-steels are specified to wid- 
er chemistry ranges, grain size (coarse or 
fine) and hardenability bands. 

Billets and bars may contain some sur- 
face imperfections, but are inspected for 
center soundness. 

Aircraft quality. . This quality designa- 
tion applies to steels requiring closely 
controlled, restrictive and special prac- 
tices in manufacture. 

Axle shaft quality. . Applies to bars 
intended for automotive axles which 
are not machined all over or have in- 
sufficient stock removed for proper clean- 
up of normal surface defects, or where 
inspection standards impose restrictive 
surface requirements. 

Bearing quality. . These bars are usual- 


ly limited to the standard alloy carburiz- 
ing grades, the high carbon-chromium 
series, or to ASTM specification A295 
or its equivalent. Steels of this quality 
are subjected to restricted steel mill 
practices. 

Additional requirements for alloy steel 
bars are: 

Cold heading. . Alloy steel bars are 
usually specified annealed or spheroidize 
annealed to effect proper hardness. 

Hardenability is sometimes desired for 
chemical compositions other than H- 
steels, or restricted hardenability limits 
are sometimes specified for H-steels. 


Bars, cold finished 


When close tolerances are desired or 
improved surface finish or mechanical 
properties developed by cold working 
are required, bars may be cold drawn, 
cold rolled, centerless ground or polished, 
or smooth turned, singly or in combina- 
tions that are appropriate. Such bars are 
all termed “cold finished.” 
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Cold-worked steel is produced having 
mechanical properties which are compar- 
able in many respects to those of heat- 
treated bars. 

Carbon Steel: 

Standard-Quality Cold-Finished Bars 
are produced from special quality, hot- 
rolled bars. These may contain surface 
imperfections. The characteristic surface 
finish of cold drawn bars precludes close 
visual inspection for surface imperfec- 
tions. For applications requiring free- 
dom from surface imperfections on the 
finished part surface, the purchaser 
should consult the producer. 

Special surface bars are produced from 
steel which has been processed under 
exacting control to minimize the fre- 
quency and severity of seams and other 
surface imperfections. 


Plates, hot rolled 


Carbon Steel: 

Regular Quality plates are specified to 
chemical composition ranges and limits, 
not mechanical property, cold bend, or 
ductility requirements. When stock steel 
plates are specified, or when no chemical 
composition limits are specified, plates 
having a maximum of 0.33% carbon are 
produced. Plates of this quality do not 
have the high degree of uniformity in 
chemical composition, internal soundness, 
or freedom from surface imperfections 
that are associated with other plate-steel 
qualities. 

Hot Pressing Quality plates are intend- 
ed for ordinary hot pressing, flanging or 
bending work. Plates of this quality are 
specified to mechanical property require- 
ments and standard ladle phosphorous 
and sulphur requirements. 

Cold Pressing Quality plates are made 
of soft steel, equivalent to the cold press- 
ing grade of ASTM Specification A 113, 
and can be bent or formed either longi- 
tudinally or transversely at ordinary tem- 
perature by good shop practice. Cold- 
bending quality plates as defined in 
ASTM Specification A 131 are of higher 
tensile strength and are used where great- 
er design stresses with less severe forming 
are contemplated. 

Forging Quality plates are intended for 
forging, heat treating or similar purposes 
in which uniformity of composition and 
freedom from injurious imperfections are 
essential. It is customary to specify che .n- 
ical ranges and limits. 

Flange Quality plates are intended for 
pressure vessels and similar purposes, 
except when exposed to fire or radiant 
heat. 

Firebox Quality plates are intended for 
application in pressure vessels when ex- 
posed to fire or radiant heat, where they 
are subject to thermal and mechanical 


stresses; for unfired pressure vessels in 
lieu of flange quality, and for similar 
purposes. 


Semifinished steels 


Carbon steel. . Hot-rolled, carbon steel 
semifinished products are ordinarily pro- 
duced in one quality, namely, forging 
quality. Semifinished material cannot be 
supplied to mechanical property require- 
ments. They are produced to ladle chem- 
ical ranges or limits. 

Alloy steel. . Semifinished products 
are made in three grades: Aircraft Qual- 
ity, Axle Shaft Quality and Bearing 
Quality. 


Sheets, hot rolled 


Carbon Steei: 

Hot rolled and hot rolled annealed 
sheets are produced in three principal 
qualities: 

Commercial Quality. . These sheets are 
suitable for purposes where oxide and 
normal surface imperfections are not 
objectionable. When a carbon content is 
not specified, it is assumed that carbon 
not exceeding 0.15% is desired. When 
oxide is removed or the sheet deformed, 
surface imperfections may be disclosed. 

This quality is subject to stretcher 
strains, fluting and coil breaks, but can 
be furnished with nonfluting properties. 
Minimum bend test requirements should 
be met. 

Drawing Quality. . Such sheets are 
produced for use in fabricating parts 
where surface finish is not of primary 
importance, but they should not contain 
visible abnormal imperfections as pro- 
duced or after fabrication. To prevent 
excessive die scoring, the oxide should 
be removed by pickling. The material is 
not ordinarily specified to chemical com- 
position, but instead for ability to draw 
a specified article. 

Heat treatment by the purchaser before 
or between draws may detrimentally af- 
fect drawing characteristics of the steel. 
Requirements to meet both mechanical 
test values and drawing performance 
are sometimes necessary, but must be 
compatible. : 

Physical Quality sheets are produced 
when uniformity of temper is required 
or when mechanical properties are speci- 
fied or required other than the bend 
tests of commercial quality. Sheets are 
sometimes specified to structural speci- 
fications or to tensile ranges. Composi- 
tion of steel is related to required ten- 
sile properties; hence, a range for carbon 
is not specified. 

Other qualities are: 

Hot Rolled Special Surface has a better 
surface than hot rolled and hot rolled 
annealed sheets, and should be specified 
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when sheets having one smooth, clean 
surtace and adherent oxide are required, 
or when the purchaser requires a surface 
equivalent to that of commercial quality 
after pickling or blast cleaning. 

Special Killed Steel is usually asso- 
ciated with cold-rolled sheets that are to 
be essentially free from significant chang- 
es in mechanical properties over a period 
of time or from stretcher strains without 
roller leveling, but can be specified for 
hot-rolled sheets when such sheets are 
to be cold reduced and are to have the 
characteristics described above. 

Special Soundness Steel has a high de- 
gree of internal soundness, homogeneity, 
uniformity of chemical composition and 
grain size. These sheets should produce 
parts, within properly established limits 
and aliowances, that can be fabricated 
or treated by the following typical meth- 
ods: pickling or metallic coating with 
freedom from blisters; high speed or cri- 
tical welding methods; heat treatment 
(quenching and tempering), and con- 
trolled carburizing. 

Low Metalloid Steel is an open-hearth 
iron in which the total percentage of 
carbon, manganese, phosphorous, sulphur 
and silicon does not exceed an extra- 
ordinarily low maximum limit, say 0.10 
to 0.20%. 


Alloy steel: Such sheets are produced 
only in certain compositions and quali- 
ties subject to negotiation. 


High-strength low alloy steel. . Sheets 
carry hot mill oxide; when removed or 
the sheet deformed, surface defects or 
surface disturbances may be disclosed. 
These conditions are normal but may 
make the steel unsuitable for certain 
applications. 

When specified or required, hot-rolled 
sheets can be processed to minimize 
surface disturbances known as fluting, 
stretcher strains or coil breaks; in the 
normalized or annealed condition; or as 
drawing quality. 


Strip, hot rolled 


Carbon steel. . Like hot-rolled sheets, 
hot-rolled strip is produced in three prin- 
cipal qualities: Commercial quality, draw- 
ing quality, and physical quality. 

Drawing Quality Strip is designed for 
forming operations too severe for com- 
mercial quality strip to withstand within 
acceptable limits of breakage. The strip 
is subject to stretcher strains, fluting, and 
coil breaks. In certain types of drawing, 
the parts may develop scalloping (earing). 
Strip of this quality can also be produced 
with nonscalloping properties when spe- 
cified. 

Physical Quality Strip. . The notes for 
comparable sheet generally apply. Physi- 
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cal quality strip is sometimes specified to 
structural specifications, such as ASTM 
A303. 


Commercial Quality Strip is similar to 
hot-rolled sheet steel of similar quality. 


Sheets, cold rolled 


Carbon steel. . Cold-rolled sheets have 
a surface finish superior to hot-rolled 
pickled finish. For more lustrous finish 
than normally furnished, specify Cold 
Rolled Luster Finish. 

GRADING. In cut lengths, sheets are 
graded as either cold-rolled sheets or 
cold-rolled primes. 

Cold-rolled sheets may contain surface 
imperfections of such a character that 
the sheets can be used for identified parts 
with a reasonable amount of metal fin- 
ishing by the purchaser. 

Cold-rolled primes are inspected to 
meet specific surface requirements on 
one side without metal finishing by the 
purchaser. Cold-rolled primes are not 
supplied in coils. 

Cold-rolled sheets are produced in 
three principal qualities: 

Commercial Quality is low-carbon steel 
suitable for exposed parts requiring a 
good surface finish. The dull surface tex- 
ture is intended for application of paints, 
enamels or lacquers. Sheets of this quality 
are not suitable for electroplating where 
surface uniformity is essential. 

If not specified, carbon content does 
not exceed 0.15%, and the hardness does 
not ordinarily exceed Rockwell B 60. 
However, sheets with up to 0.25% car- 
bon maximum are produced. 


. . wrought 


When specified, commercial quality 
sheets are processed to be free from 
fluting or stretcher straining during fab- 
rication. 

Cold-rolled commercial quality sheets 
should meet minimum bend test, Fig.?. 
If greater ductility than the minimum 
indicated by that bend test is required, 
or if uniformity of properties is neces- 
sary, commercial quality is not recom- 
mended. 

Drawing Quality. This grade should 
produce identified parts too difficult for 
the drawing properties of sheets of any 
other quality, within the breakage allow- 
ance as commonly negotiated between 
the purchaser and producer. This quality 
of sheet is not ordinarily specified to 
chemical composition. 

When required, sheets of drawing qual- 
ity should be free from surface disturb- 
ances in fabrication, when properly roller 
leveled immediately beforehand. Special 
killed steel should be specified if roller 
leveling will not be used. 

Processing or heat treatment before or 
during fabrication, or delays between 
draws, may detrimentally affect the draw- 
ing characteristics of the steel. 

Physical Quality is produced when 
mechanical test values are specified or 
required, other than those described 
under other qualities of cold-rolled sheets. 
Such test values include those indicated 
by tension tests, hardness tests, or other 
accepted mechanical tests. 

Alloy steel. . Cold-rolled sheets are 
produced by some manufacturers only 
in certain compositions and qualities. 


Manufacturing practices for 


Surface condition, type of finish, tem- 
per and edge detail are of major im- 
portance with certain wrought steel prod- 
ucts. Details for several products are: 


Plates, hot rolled 


Carbon Steel 

EDGES. Plates are termed sheared 
plates or sheared mill plates when 
trimmed on all edges. They are termed 
universal plates or universal mill plates 
(abbreviation “U.M. plates”) when rolled 
between horizontal and vertical rolls and 
trimmed on the ends. They are termed 
mill edge plates when trimmed only on 
the ends. 

CUTTING PRACTICES. . Production ex- 
perience has shown that the mill shear- 
ing of plates can be performed only with- 
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in certain chemical and mechanical prop- 
erty limits and the maximum thickness 
limits. 


Sheets, hot rolled 


THICKNESS AND WEIGHT Data. . The 
U.S. Standard Gage for sheet and plate 
(1893) is based upon the weight per sq 
ft in wrought iron for each gage number 
and is inaccurate for steel sheets, but is 
still used for strip. The “Manufacturers 
Standard Gage for Steel Sheet” takes into 
account the true weight of steel, shearing 
allowances and the greater thickness of 
sheet at the center than at the edges. 
See Page 57. 

Epces. . Hot rolled and hot rolled 
pickled sheets are made with mill edge 
or cut edge. Mill edge sheets may have 
cracked edges, thin edges (feather) and 


High-strength low-alloy steel. . Modi- 
fications of the minimum yield point of 
50,000 psi and minimum tensile strength 
of 70,000 psi may be necessary for high- 
strength, low-alloy steel, cold-rolled 
sheets, which normally are thermally 
treated after cold reduction. For appli- 
cations involving severe deformation, 
cold-rolled sheets may be specified to 
drawing quality. 


Strip, cold rolled 


Carbon Steel. 

Cold-rolled strip is commonly pro- 
duced from rimmed steel. Capped or 
semikilled steels are also used. 

Killed Steel is specified (1) when the 
strip is required to have a more uniform 
composition than obtainable from 
rimmed, capped or semikilled steels; (2) 
when fine or coarse grain size is speci- 
fied. Killed steel is not recommended for 
drawing, forming and difficult bending 
operations. 

Aluminum Killed Steel is sometimes 
specified when drawing and forming prop- 
erties are required. This type of steel 
combines uniformity of chemical compo- 
sition with mechanical properties suitable 
for these operations. 

Nonscalloping Strip is intended to have 
no marked degree of unevenness or 
“ears” on the edges of drawn articles such 
as cups or shells. This type of strip re- 
quire additional production and metal- 
lurgical controls and increased inspection. 

Alloy steel. . Cold-rolled strip is made 
in certain compositions by some pro- 
ducers subject to negotiation. 


wrought steel 


damage due to handling or processing. 
When the consumer intends to shear or 
blank sheets, a_ sufficient allowance 
should be made in the specified sheet 
dimensions to assure obtaining the de- 
sired shape and size of the pattern sheet, 
and the producer should be consulted. 

SuRFACE. . It is common practice to 
inspect sheets on only one side. In cer- 
tain cases, where both surfaces of the 
finished part are exposed, two-side in- 
spection may be necessary, but can be 
performed only on cut lengths. 

Surface inspection of coils does not 
afford the same opportunity for the 
producer to reject portions containing 
defects. Coils contain some defects, such 
as welds, holes, etc., which render a por- 
tion unusable. In addition, coils contain 
more minor defects than cut lengths. 
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table 28 . . TEMPER DESCRIPTIONS FOR COLD-ROLLED SiRIP 





Ladle 
Carbon 


Temper per cent 


Rockwell Hardness 


Minimum Maximum 





No. 1 (Hard Temper) 0.25 max. 


. 2 (Half Hard Temper). 
. 3 (Quarter Hard 
Temper) a 
. 4 (Skin Rolled Temper) 
. 5 (Dead Soft Temper). 


B-84 


for thicknesses 0.070 in. 


and greater 


B-90 


for thicknesses less than 


0.070 in. 


B-70 


B-60 


approximate 


approximate 
approximate 
approximate 





No.! Hard temper 


No.2 Half hard temper 


Direction of rolling 
<_—_—_—__»> 














No.3 Quarter hard temper 


— rolling 


no 


ae 
pirect? 





<> 
Direction of rolling 


No.4 Pinch pass or skin-rolled temper 


—S_~ 





<> 
Direction of rolling 


No.5 Dead soft temper 
Direction of rolling 
eee 








>) 








Pig. 3. . 


Corts. . Coils are produced to decimal 
thickness and are subject to thickness 
tolerances. However, thickness and width 
tolerances do not apply to the uncropped 
ends of hot-rolled mill edge coils. Coil 
diameters vary and are limited by in- 
dividual mill equipment, but coils are 
now very large. 


Sheets, cold rolled 
Carbon Steel 
SURFACE. 

rolled sheet. 
HARDNESS RANGES. . Limits are Rock- 


Same notes as for 


hot- 


Forming characteristics of cold-rolled strip 


well B60 maximum for soft low carbon 
cold rolled sheets and Rockwell B84 
minimum for full hard sheets. For some 
applications, both minimum and maxi- 
mum Rockwell B limits are required. 

The following two tempers are in com- 
mon use: 

Quarter hard temper, Rockwell B60 
minimum to approximately Rockwell B- 
75 maximum; 

Half hard temper, Rockwell B70 mini- 
mum to approximately Rockwell B85 
maximum. 

The sheets should not be subject to 
any definite forming requirements or to 
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imposition of tolerances for flatness. 
High Strength Low Alloy Steel: 
Finisu. . Sheets are produced with a 
dull surface texture intended for the ap- 
plication of paints, enamels or lacquers, 
but are not intended for electroplating 
without grinding and polishing. 


Strip, hot rolled 


Carbon Steel 

Epce. . Three types of edges are: 

Mill Edge. . This is the normal edge 
and does not conform to any definite 
contour. 

Square Edge. . This edge is produced 
by hot edge rolling and normally is avail- 
able only in thicker sections. The corners 
are not as square as those of square edge 
bars. The width tolerances applicable to 
square-edge strip are the same as those 
for mill-edge strip. 

Slit Edge. . Minimum variation from 
specified width is obtained by slitting, 
either in single or multiple widths. Slit 
edge strip is desirable for machine weld- 
ing and for feeding into machines having 
limited guide clearance. 

SuRFACE. . It is industry practice to 
inspect one side of the strip. 


Strip, cold rolled 


Carbon Steel 

Temper. Cold rolling changes the 
mechanical properties of the strip. 
Through control it is possible to produce 
mechanical characteristics that are known 
as tempers. 

Temper numbers indicate degrees of 
strength, hardness, and ductility, and 
are associated with the ability of each 
temper to withstand certain degrees of 
cold forming. Typical forming character- 
istics of each temper are shown in Fig. 
3 

The general characteristics are: 

No. 1 (Hard Temper) is a very stiff, 
springy, cold rolled strip suitable for flat 
work not requiring ability to withstand 
cold forming. 

No. 2 (Half Hard Temper) is a mod- 
erately stiff cold rolled strip intended 
for limited bending. Strip of this temper 
can be bent 90° across the direction of 
rolling around a radius equal to the 
thickness. 

No. 3 (Quarter Hard Temper) is a 
medium soft, cold rolled strip intended 
for limited bending and forming and 
drawing. Strip of this temper can be bent 
180° across the direction of rolling and 
90° in the direction of rolling around a 
radius equal to the thickness. 

No. 4 (Skin Rolled Temper) is a soft, 
ductile strip intended for fairly deep 
drawing where surface disturbances such 
as stretcher strains are objectionable. 
It is capable of being bent flat upon 
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itself in any direction. Skin-rolled, plan- 
ish rolled, and pinch passed are equiva- 
lent terms with respect to temper. 

No. 5 (Dead Soft Temper) is a soft, 
ductile, cold rolled strip produced with- 
out definite control of stretcher strain- 
ing and fluting. It is intended for diffi- 
cult drawing applications where such 
surface disturbances are not objection- 
able. It is suitable for bending flat upon 
itself in any direction. 

Types oF EDGEs: 

No. 1 Edge is a prepared edge of a 
specified contour (round, square or bev- 
eled), which is produced when a very 
accurate width is required, or when an 
edge finish suitable for electroplating is 
required, or both. 

No. 2 Edge is a natural mill edge. 

No. 3 Edge is an approximately square 
edge produced by slitting. 

No. 4 Edge is a rounded edge pro- 
duced by edge rolling either the natural 
edge of hot rolled strip or slit edge strip. 
This edge is produced when the finish 
of the edge is not important. 

No. 5 Edge is an approximately square 
edge produced by rolling or filing of a 
slit edge to remove burr. 

No. 6 Edge is a square edge produced 
by edge rolling the natural edge of hot 


. . wrought 


rolled strip or slit edge strip, when the 
width tolerance and finish required are 
not so exacting as for No. 1 Edge. 

FrnisHEs. . For the majority of end 
uses the surface of one side only is of 
prime importance. When the finish of 
both surfaces is of equal importance, 
the producer should be informed. It is 
usual practice to place the inspected 
surface on the outside of the coil or top 
side of cut lengths. 

No. 1 (Dull Finish) is especially suit- 
able for lacquer or paint adhesion, and 
is beneficial in drawing operations by 
reducing contact friction between die 
and strip. 

No. 2 (Regular Bright Finish) has a 
moderately high finish, but is not gen- 
erally applicable to plating. 

No. 3 (Best Bright Finish), is the 
highest quality finish produced, and is 
particularly suited for electroplating. 


Types of steel 


Control of the amount of gas evolved 
during solidification in the mold deter- 
mines the type of steel. Silicon, alumi- 
num, etc., are used to deoxidize molten 
steel] and stop the evolution of gas formed 
by combination of carbon and oxygen. 


If practically no gas is evolved, the steel 
is termed “killed” because it lies quietly. 
Increasing degrees of gas evolution result 
in semikilled, capped or rimmed steels. 

Some carbon steels and high-strength 
low alloy steels can be supplied in all 
four types; alloy steels are normally 
made only as killed steel. 

Killed steels, because of greater uni- 
formity in chemical composition and 
soundness, are used for forging, carburiz- 
ing and heat treating. 

Semikilled steels have characteristics 
intermediate between those of killed and 
rimmed steels and they are used for gen- 
eral structural applications. 

Capped steels have characteristics simi- 
lar to those of rimmed steels but to a 
degree intermediate between those of 
rimmed and semikilled steels. 

Rimmed steels normally have a car- 
bon content less than 0.25% and manga- 
nese content less than 0.60%. Satisfac- 
torily rimmed steels do not retain any 
significant percentages of highly oxidiz- 
able elements such as aluminum, silicon, 
or titanium. 

Rimmed steel, because of surface and 
other characteristics, is particularly 
adapted to cold bending, cold forming 
and cold heading. 


Gages and tolerances for steel products 


Care must be exercised to specify steel products in 
the correct gaging system. Two methods can be used 
for writing the specification: (1) the inch equivalent to 
at least three significant figures, and not the gage num- 
ber, or (2) the thickness tolerance for a given gage. 
Never use the gage number itself, because of possible 
confusion. The mill or warehouse will instantly recog- 
nize the correct gage from either the inch equivalent or 
the tolerances. 

Four gaging systems are in use for designation of the 
thickness of sheet and strip, the wall-thickness of tubing 


Thickness tolerances. . The thickness lim- 
its for Mfgrs’ Std and the Steel Wire 


table 29 


and the diameter of wire (Table 29). The new ASA 
system of preferred thicknesses for uncoated metals is 
not used for carbon and alloy steels. This system has 
recently been offered to simplify stocking of metals and 
design of products. While the steel industry is ready to 
roll or draw what its customers want, the major users 
of steel are not interested in changing over to the ASA 
system. Their engineers and shop men know precisely 
how conventional-gage material will draw, form or weld, 
and they would have to relearn these facts if the ASA 
system were broadly adopted. 


. . INDEX OF GAGING SYSTEMS FOR STEEL COMMODITIES 





Gages are given in Table 30, along with 


: ; . ‘ Metal 
the nominal sizes. For thickness toler- —Ee 


Commodity 
Sheet Strip wi Tubing 





ances for sheet and strip, refer to the Carsen Saad 
publications of the American Iron & oe st 
Steel Institute, New York, or to Federal Alloy Steel 
Standard No. 48 (Jan 13, 1954) entitled Hot-rolled 
“Tolerances for Steel and Wrought Iron 


..Mfgrs’ Std. B. W.G. 





Cold-rolled 
Products”, available from the General 
Service Center, Region 3, Seventh and D 
Sts, SW, Washington 25, DC, and priced 


Meaning of Abbreviations: 


Mfgrs’ Std.—Manufacturers’ Standard, which currently reflects the true weight of steel. 
U. S. Std.—United States Standard, the old standard, which is no longer accepted as a true 


weight standard for sheets. 


at 40 cents per copy. 


B. W. G.—the Birmingham Wire Gage, or Stub’s Iron Wire Gage 


(Turn to page 58) 
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S. W. G.—Steel Wire Gage, or Washburn & Moen Gage. 
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table 30. . WIRE AND SHEET-METAL GAGES IN INCH EQUIVALENTS 





Go: 
No. 


United 
States 


Manufocturers’ Standard 


for Sheet Steel 


Standard 


Nom 


Limits 


Birming- 
ham 
or 
Stubs’ 
Wire Gage 
B. W. G. 


Steel Wire Gage 
S. W. G. 
(Washburn G Moen) 


Nom. 


Limits 


American 
or 
Brown G 


Ws. 


or 
B.GS. 


table 32 . . CARBON-STEEL SHEETS 
HOT ROLLED 


Width tolerances 


(Coils and cut lengths, including 
pickled sheets) 





7/0 
6/0 
5/0 
4/0 
3/0 


= 
> 
= 


eSOnanwnFtwnre 


0 


0 
0 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0 
0. 
0. 
0 
0 
0. 
0. 
0. 
0 
0 
0 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0. 


. 500 
-469 


438 
406 
375 
344 
312 
281 
266 
250 
234 
219 
203 
188 
172 
156 
141 
125 


0938 


0703 
0625 
0562 
0500 


cooooooosoooooooooooooooseoosoosooososeosoo 


ecoooceocooeoocooocooeoooeoocosecocoseeooeooeseeoeeoeoeosseoseseoseoesoosc so 


4900 
4615 
4305 
3938 


.490—. 
.4615-. 
.4305-. 

3938-. 

3625-— 

.331- 
.3065-. 

. 283-. 
. 2625-. 
. 2437— 
. 2253- 

. 207-. 

.192- 

.177 

.162- 


. 135- 
.1205-— 
1055- 


080. 
.072- 


054- 


eseocoooeooesocseseeoesosoososooseoososeoosesesossesoosososooseoeeosoosoeoseseseeoseeoseseseseesesos 


5800 
5165 
4600 
4096 
3648 
3249 
2893 
2576 
2294 
2043 
1819 
1620 
1443 


eceooooooooososoocoosesoesocoeooeoseeoeeseoeooeosocoseosoeoeoesesoeosoeesosooeoseoeoeooseseso So 


ooccso 


Specified Widths, 
inches 


Tolerance Over 
Width, inches, 
erance Under 


ified 
‘0 Tol- 





20 to 30 
30 to 40 
40 to 50 
50 to 72 
72to7 
ites. <.. 


“ 


Mill-edge hot rolled 
Over 12 to 20 incl. 


“— 
14% 
1% 
1% 
1% 
2 
2% 





Cut-edge hot rolled and hot-rolled annealed 





Over 


“ 


To 20 incl. ... 


20 to 30 
30 to 50 
50 to 80 


“ 


M4 
M% 
M4 
% 
Me 





Length tolerances 
Hot rolled and hot-rolled annealed 
(Sheets Not Resquared, including 
Pickled Sheets) 


Tolerance Over Specified 
Length, inches, No Tol- 
erance Under 





Specified Length, 
inches 





To 15 incl 

1S to 30 

30 to 60 

60 to 96 

96 to 
120 to 
156 to 
192 to 
240 


Over 





Camber Tolerances 





Cut Lengths 


Sheet Length, feet Camber Tolerances, inch 





To 4incl.... \% 
Over 4to 6 Satie % 


“ 


6to 8 


8 to 
10 to 
12 to 
14 to 
16 to 


10 
12 
14 
16 
18 





table 31. . ALLOY-STEEL STRIP, HOY ROLLED 


Length tolerances 





Over 


Specified Length 
Inches 


15 to 60 Incl. 


Over 60 to 120 Incl. 
Over 120 to 240 Incl. 
Over 240 to 360 Incl. 
Over 360 to 480 Incl. 


Over 480. 


Tolerance Over, None Under 


3 Wide 


3 to 6 
Wide 
Incl. 
3 


Over 6 to 
24 Wide 
Excl. 


18 to 20 
20 to 30 ia 
30 to 40 -r 1% 





Coils—Camber tolerance equals 1 in. in 20 ft. 


Camber is the greatest deviation of a side 
edge from a straight line. Measurement is 
made on the concave side to a straight edge. 


table 33 . . ALLOY-STEEL STRIP 
Crown tolerances 
Hot rolled alloy strip may be thicker at the 
center than at the edges by the following 
amounts: 





Width, Inches Crown Tolerance, Inch 
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Over 2to 5 Incl. 
Over 5 to 10 Incl. 
Over 10 to 15 Incl... 


Over 15 to 24 Excl...... 


0.002 
0.003 
0.004 
0.005 
0.006 
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table 34 . . CARBON-STEEL STRIP, HOT ROLLED 
Width tolerances 
Tolerances for specified width for thicknesses 
given, over or under, inch 
Slit edge 


To 
0.109 incl. 


It will be found for a particular gage 
that the tolerance varies somewhat (in 
these tables) from the result obtained by 
subtracting the low limit from the high 
limit in Table 30. It is unlikely in press- 
working of metals, for example, that the 
slight difference will be of any concern. 
it is much more important that the sheet 
or strip not be over-gage. Complaints 
have been made that materials have run 
from 5 to 10% heavier than the upper 
limit, giving trouble in dies, especially 
with difficult forms. 





Mill edge G 
square edge 
all thicknesses 


Specified Widths, inches er 
0.109 





0.016 
0.016 
0.016 


To 2, incl. 

Over 2 to 5, incl. 
Over 5 to 10, incl. 
Over 10 to 12, incl. 


0.008 
0.008 
0.010 
0.016 





Crown tolerances 
Strip may be thicker at the center than at a point 3% in. in from the edge 
by the following maximum amount. 





Crown tolerances for specified thickness and width 
given, inch 
0.2299 to 0.2030 to 0.1874 to 0.1179 to 0.0567 to 0.0448 to 0.0343 to 
0.2031 0.1875 0.1180 0.0568 0.0449 0.0344 0.0255 


Specified Widths, 
inches 


Notes on tolerances 


incl. incl. incl. incl. incl. incl. 





0.002 0.002 
0.003 


0.004 


0.002 
0.003 


0.001 
0.002 
0.003 


0.002 
0.002 
0.003 


Over 1 to 3, incl.... 4 —_—— 
Over 3% to 6, incl. siete ——— 
Over 6 to 12, incl.. 0.002 


Hot-rolled strip: Flatness tolerances 
are not applicable to strip coils. When 
required, flatness tolerances for cut 
lengths should be negotiated between the 
purchaser and producer. 

Camber is the greatest deviation of a 
side edge from a straight line. The meas- 
urement is taken by placing an 8-ft 
straight-edge on the concave side of the 
strip and measuring the greatest distance 
between the strip edge and the straight- 
edge. 

Hot-rolled sheets: When sheets are 
specified resquared, the width and length 
are not less than the dimensions specified. 
The tolerance for over-width, over-length, 
camber and out-of-square does not ex- 
ceed 4g in. for sheets up to and includ- 
ing 48 in. in width and up to and includ- 
ing 120 in. in length, nor % in. for wider 
or longer sheets. 





Camber tolerances 





in any 8 ft 
in any 8 ft 


\% in. 
4 in. 


For strips wider than 114 in. 
For strip 1% in. and narrower 





Length tolerances 





Length tolerances for given widths 
and lengths, inch 
Over 10’ Over 20’ 
to 20’, to 30’, 
incl. incl. 


Over 30’ 
to 40’, 
incl. 


Over 5’ 
to 10’, 
incl. 


Specified Widths, To 5’, Over 40’ 


incl. 


inches 





1% 
1% 
134 


To 3, incl. 
Over 3 to 6, incl. 
Over 6 to 12, incl. 





No tolerance under 


table 35 . . CARBON-STEEL STRIP, COLD ROLLED 
Width tolerances for No. 2 edge (mill edge) 





Tolerances for 
Specified Width, 


Specified Width, in. 
Plus or Minus, in. 


Up to and including 





2 
5 

10 

15 

20 

23'5% 





ANALYSES OF 
WROUGHT STEELS 





Width tolerances for No. 3 edge (slit edge) 


Width, inches 
Over 9 Over 12 





Specified Thickness, in. 
Over 20 
to 23-15/'16 
incl. 


Over Over 6 
To and to 6 to 9 to 12 to 20 
incl incl. incl. incl. incl. 


Tolerances for Specified Width, Plus or Minus, inch 
016 0.020 0.020 031 


0 
010 0.016 0.016 0.020 
008 0.010 0.010 0.016 
0 
0 


Tables 36 and 37 give the composi- 
tions of carbon and standard alloy steels. 
These tables are taken from the latest 
source of information: Federal Std. No. 
66 (1954), prepared for the U.S. Govt by 
the Technical Committees of the Ameri- 
can Iron & Steel Institute, 350 Fifth 
Ave., New York 1, and for sale by the 
Supt of Documents, U.S. Govt Printing 
Office, Washington 25. No AISI or SAE 
numbers are used. Similar data are ob- 
tainable in the publications of the Ameri- 
can Iron & Steel Institute. Additional 
subjects covered in Federal Std. No. 66 
are: the H-steels, revised end-quench 
hardenability bands for H-steels, the 
boron steels, and  corrosion-resisting 
steels. 


Over 





0.031 
0.020 
0.020 
0.020 
0.020 


2499 0 
160 0 
099 0 
068 0.005 0.005 0.010 016 

0 


005 0.005 0.010 016 





Width tolerances for special edges 





Tolerances for Specified 
Width, Plus or 
Minus. in. 


Width, in. Thickness, in. 





005 
005 
015 
025 
047 
.047 
005 
005 


Over \& to %, incl. 
Over % to 5, incl. 
Over \% to 1, incl. 
Over 1 to 2, incl. 
Over 2 to 4, incl. 
Over 4 to 6, incl. 
Over 
Over *4 to 5, incl. 


°@ and thinner 

4 and thinner 

3% to 0.025, incl. 
0.2499 to 0. 25, incl. 
0. 2499 to 0.035, incl. 
0.2499 to 0.047, incl 
°6 and thinner 

\% and thinner 


4 to 44, incl 


Over 5 to 9, incl. 
Over 9 to 20, incl 


Over 20 to 23'5,, incl. 


4 to 0. 008, incl 
0.105 to 0.015 
0.080 to 0.023 


010 
010 
015 
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table 36. . COMPOSITIONS AND AVAILABILITY OF CARBON STEELS 


Chemical-composition ranges and limits for basic open-hearth and acid bessemer steels 


Tubular products can be supplied in certain carbon 
steels, the detailed compositions and check analysis toler- 
ances of which shall be as specified. 

For hot-rolled bars, cold-finished bars and semi-finished 
steel products for forging, steel numbers identified by 
“X” are more frequently used for the indicated products 


and in general are more readily available than steel num- 
bers identified by “x.” Steel numbers identified by X 
should be selected and specified for new designs wherever 
practicable. For wire, no distinction in frequency of use 
and availability is made, and the steel numbers are identi- 
fied by “y.” 





Semi- 


Chemical Composition Ranges and Limits, Per Cent Cc finished 
ae Steel for 
Steel No. Carbon Manganese Phosphorus Sulphur B. Forging 





= 
3 





0.06 max. 0.35 max. 0.040 max. 0.050 max. 
“ 0 


0.08 “ 0.25/0.40 
esg: “ 0.25/0.50 
0.08/0.13 0.30/0.60 
0.08/0.13 0.60/0.90 
0.10/0.15 0.30/0.60 
0.11/0.16 0.50/0.80 
0.13/0.18 0.30/0.60 
0.13/0.18 0.60/0.90 
0.15/0.20 0.30/0.60 
0.15/0.20 0.60/0.90 
0.15/0.20 0.70/1.00 
0.18/0.23 0.30/0.60 
0.18/0.23 0.60/0.90 
0.18/0.23 0.70/1.00 
0.20/0.25 0.30/0.60 
0.19/0.25 1.35/1.65 
0.22/0.28 0.30/0.60 
0.22/0.28 0.60/0.90 
0.22/0.29 1.20/1.50 
0.25/0.31 0.60/0.90 
0.28/0.34 0.60/0.90 
0.28/0.34 0.30/0.60 
0.30/0.36 0.60/0.90 
0.30/0.36 0.70/1.00 
0.32/0.38 0.50/0.80 
0.32/0.38 0.60/0.90 
0.30/0.37 1.20/1.50 
0.32/0.38 0.70/1.00 
0.35/0.42 0.60/0.90 
0.37/0.44 0.70/1.00 
0.37/0.44 0.60/0.90 
0.36/0.44 1.85/1.65 
0.40/0.47 0.60/0.90 
0.40/0.47 0.70/1.00 
0.43/0.50 0.60/0.90 
0.43/0.50 0.70/1.00 
0.46/0.53 0.60/0.90 
0.48/0.55 0.60/0.90 
0.45/0.56 0.85/1.15 
0.47/0.55 1.20/1.50 
0.48/0.55 0.70/1.00 
0.50/0.60 0.50/0.80 
0.50/0.60 0.60/0.90 
0.50/0.61 0.85/1.15 
0.55/0.65 0.50/0.80 
0.55/0.65 0.60/0.90 
0.54/0.65 0.75/1.05 
0.54/0.65 0.85/1.15 
0.60/0.70 0.50/0.80 
0.60/0.70 0.60/0.90 
0.60 /0.71 0.85/1.15 
0.65/0.75 0.40/0.70 
0.65/0.75 0.60/0.90 
0.65/0.76 0.75/1.05 
0.65/0.76 1.00/1.30 
0.70/0.80 0.50/0.80 
0.70/0.80 0.40/0.70 
0.72/0.85 0.30/0.60 
0.75/0.88 0.60/0.90 
0.80/0.93 0.60/0.90 
0.70/1.00 
0.30 /0.50 
0.60/0.90 
0.30/0.50 
0.45 max. 
0.30/0.60 0.07/0.12 


*These are Bessemer Steels. 
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- COMPOSITIONS AND AVAILABILITY OF CARBON STEELS continued 








Semi- 
finished 
Steel for 
Forging 


Chemical Compusition Ranges and Limits, Per Cent Hot Cold 
Rolled Finished 
Sulphur | Bars Bars 





Mang anese Phosphorus 


BASIC OPEN HEARTH RESULPHURIZED STEELS 


Steel No. c arbon_ 





1106 
1108 
1109 
1110 
1111 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1125 
1126 
1132 
1137 
1138 
1140 
1141 
1144 
1145 
1146 
1148 
1151 


0.08 max. 


0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.10/0.16 
0.10/0.16 
0.13/0.18 
0.14/0.20 
0.14/0.20 
0.14/0.20 
0.14/0.20 
0.18/0.23 
0.22/0.28 
0.23/0.29 
0.27/0.34 
0.32/0.39 
0.34/0.40 
0.37/0.44 
0.37/0.45 
0.40/0.48 
0.42/0.49 
0.42 /0.49 
0.45/0.52 
0.48/0.55 


0.30/0.60 
0.50/0.80 
0.60/0.90 
0.30/0.60 
0.60/0.90 
1.00/1.30 
1.00/1.30 
0.60/0.90 
1.10/1.40 
1.00/1.30 
1.30/1.60 
1.00/1.30 
0.70/1.00 
0.60/0.90 
0.70/1.00 
1.35/1.65 
1.35/1.65 
0.70/1.00 
0.70/1.00 
1.35/1.65 
1.35/1.65 
0.70/1.00 
0.70 /1.00 
0.70/1.00 
0.70/1.00 


0.040 max. 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 max. 
0.040 
0.040 
0.040 
0.040 
0.040 


0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.16/0.23 
0.24/0.33 
0.08/0.13 
0.08/0.13 
0.16/0.23 
0.08/0.13 
0.08/0.13 
0.24/0.33 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08/0.13 
0.08 /0.13 
0.24/0.33 
0.04/0.07 
0.08/0.13 
0.04/0.07 
0.08/0.13 
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BASIC OPEN HEARTH REPHOSPHORIZED AND RESULPHURIZED STEELS 


0.60 /0.90 
0.70/1.00 
0.70/1.00 


ACID BESSEMER RESULPHURIZED STEELS 


0.60 /0.90 
0.70/1.00 
0.70/1.00 


0.07/0.12 
0.07/0.12 
0.07/0.12 


0.07/0.12 
0.07/0.12 
0.07/0.12 
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0.08/0.15 
0.16/0.23 
0.24/0.33 


0.08/0.15 
0.16/0.23 
0. 24/0. 33 


x 
x 
xX 


Chemical composition limits and ranges 


Availability of these steels is a variable that depends on tonnages desired and melting schedules. 
Before incorporating analyses in product specifications, determine availability from your supplier. 


Chemical Composition Ranges and Limits, per cent 
P Ss 
Steel No ; _ Mn Max Max Si Ni 
30 -28/0.33 1.60/ 1.90 0.040 
3E 0.38 1.60/1.90 0.040 
A .38 0.43 1.60/1.90 0.040 
4 -43/0.48 1.60, 1.90 0.040 
15 
l 


0.040 0.20 
0.040 0.20 
0.040 0.20 
0.040 0.20 


0.040 0.20 
0.025 0.20 


0.040 0.20 


0.025 0.20 
0.025 0.20 


3k 
3: 
3 
3 


wSwnwnw 


nm Vln 


ro) 


~ 


2,0.17 0.40/0.60 0.040 
0.20 0.45/0.60 0.025 


0.040 


0.025 
0.025 


uo 


25 
25 


> & 


pity ee aS 


E 


oS KS 


ane on wn 


3140 .38 /0.43 0.70 /0.90 


) 3310 .08 0.13 0.45 0.60 
E 3316 14/0.19 0.45/0.60 


os os 
gen 


4023 
4024 


4027 
4028 


4032 
4037 
4042 
4047 
4053 
4063 
4068 


4118 
4130 
4135 
4137 
4140 
4142 
4145 


0.25 
0.25 


5/0.30 


0.30 


0.35 


35 0.40 


0.45 


50.50 


0.56 
0.67 
0.70 
0.23 
0.33 
> 0.38 


5 0.40 


0.43 
0.45 
>. 0.48 


0.70/0.90 
0.70/0.90 


0.70/0.90 
0.70/0.90 


0.70/0.90 
0.70 0.90 
0.70/0.90 
0.70/0.90 
0.75, 1.00 
0.75 1.00 
0.75/1.00 


0.70 0.90 
0.40 0.60 
0.70, 0.90 
0.700.90 
0.75/1.00 
0.75 1.00 
0.75, 1.00 


0.040 
0.040 


0.040 
0.035 
0.050 
0.040 
0.035 
0.050 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.20 
0.20 


wo bobs 
orn 


0.20 
0.20 


ww 
oon 


0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
20 
.20 
.20 
20 
.20 
0.20 


0.20, 0.30 
0.20/0.30 


0.20 /0.30 
0.20/0.30 


0.20/0.30 
0.20/0.30 
0.20/0.30 
0.20/0.30 
0.20 /0.30 
0.20/0.30 
0.20/0.30 


0.40, 0.60 0.08 /0.15 
0.80/1.10 0.15 /0.25 
0.80/1.10 0.15 /0.25 
0.80/1.10 0.15/0.25 
0.80 1.10 0.15 /0.25 
0.80 1.10 0.15/0.25 
0.80°1.10 0.15, 0.25 
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table 37. . STANDARD ALLOY STEELS continued 





essssssoo 
S199 18 11 SS 


(] Conte r oO 


03 O39 4 WON OD OD 


, SMIasNnans 


ecococeco 
4 
@ 00 © 0 10 & 2 0 


1o8 0209 St rt et OD 


Seosoosossso 


ocoooocoosoooonw 
Cee CSCeeeeeere 


eoooococecoocoo 


SND OM ON IOSw 
NN OD OD OD << 10 1 © 


essssseossss 
iD & CD S 09 0 03 16 C0 SO 1O 


ooocooceocoococ[a 


SOoooooonaAnr 


ooososooowmnwne 
Seeeeeereee 


ooocooocoocoooco 


0 S 0 'NO SOO OD 
BNNNN OOOO? 


OD tO GO S 0D 4B OO OD 1H 00 00 





(This steel can be expected, to contain a minimum of 0.0005 per 
cent boron. Boron is not normally reported in a ladle analysis.) 


0.75/1.00 


0.43/0.48 
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. . wrought 


Heat treating of carbon and alloy steels 


Steel is heat treated for a variety of purposes: 


1. To improve machinability. 


2. To restore ductility for cold forming and extrusion. 
3. To provide the hardness, tensile strength and other 
mechanical properties required by service usage of the 


part. 


4. To produce a wear-resistant hard case. 
Of necessity, heat-treating processes will vary with etc. 


purpose. 


The effect of these processes is better understood by 


realizing that: 


1. Steel is an alloy of iron with up to 1.7% carbon. 
2. Microstructures, or grain formations, present in the 


Iron-carbon diagram. . This chart tells 
which of the three steel phases (ferrite, 
cementite, or austenite) are present at a 
given temperature and carbon concentra- 
tion, when the alloy is cooled or heated 
slowly enough so that it remains in a 
state of equilibrium. 

The ability of steel to harden depends 
upon the difference in carbon solubility 
of austenite and ferrite, and the tendency 
for excess carbon to precipitate in the 
form of cementite when austenite trans- 
forms to ferrite. If the steel is quickly 
cooled as it crosses the 1330F. trans- 
formation line (A;), the precipitated par- 
ticles of cementite will be very small and 
closely spaced. On the other hand, if the 
steel is slowly cooled as it crosses the A, 
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steel are determined by the percentage of carbon and the 
heat ireatment. 

3. Hardness of steel is primarily a function of the car- 
bon content, the other alloying constituents being present 
for desired effects on other mechanical properties. 


Heat treatment of steel is accomplished by recognition 


of what happens at various temperatures, rates of cooling, 
The modern heat treater is familiar with such tech- 


nical matters as the iron-carbon diagram, the time-tem- 


perature-transformation curve, and cooling-rate curves. 


He knows what photomicrographs are and he can judge 


line, the particles of FesC will be larger 
and more widely spaced. 

Types of cementite. . Shapes of three 
general types of cementite particles are: 

Lamellar type—a layered structure 
consisting of alternate plates of cementite 
and ferrite and called pearlite. There are 
coarse and fine pearlites, depending upon 
the relative spacing of the cementite 
plates. 

Spheroidal type — roughly 
globules of cementite in a matrix of fer- 
rite. When the globules are relatively 
large, this structure is spheroidite. 

Acicular type—a cross-hatched, needle- 
like structure of ferrite needles in very 
fine pearlite. This is known as the Wid- 
manstatten structure. 
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Fig. 4. . Time-temperature-transformation diagrams for a eutectoid steel (0.80% carbon). 
Such diagrams are the basis for modern heat treating of steel 
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from microstructure what has happened to the steel in 
prior processing, and what further treatment is needed. 


If 0.5% carbon steel (material below 
the eutectoid of 0.80%) is very slowly 
cooled from above the Ag line, the result- 
ing structure will be spheroidite, while if 
it is cooled somewhat less slowly pearlite 
will be formed. Coarse pearlite is ob- 
tained at a slower cooling rate than fine 
pearlite. The Widmanstatten structure 
may be obtained if the steel is cooled at 
a critical rate from a high temperature. 

Isothermal transformation. . When 
steel is heated to 1500 F, or so, the car- 
bide is dissolved in iron to form austen- 
ite. The iron-carbon diagram does not 
tell us what happens to the structure by 
use of various rates of cooling. That is 
the function of the “S-curve,” or time- 
temperature-transformation diagram, Fig. 
4. If the austenite in a eutectoid steel 
(0.80% carbon) is cooled to 1200 F and 
held there long enough, it will transform 
entirely to pearlite, which is relatively 
soft. However, if the cooling rate reduces 
the austenite quickly to 600 F, pearlite 
will be avoided, and bainite, a much 
harder microstructure, is produced. And 
if the cooling rate is sufficiently rapid, 
formation of both pearlite and bainite 
will be bypassed and the microstructure 
will be martensite, the hardest constitu- 
ent that can be produced. When the 
austenite reaches 400 F, or so, martensite 
begins to form, and reaches 90% or 
more at 200 F. 

The bent portion of the S-curve near- 
est the temperature ordinate is known as 
the “knee” or. the “nose.” If the steel is 
cooled fast enough so that the rate of 
cooling passes the knee without inter- 
secting it, no ferrite and carbide will 
occur, and transformation to bainite or 
martensite will be realized. ‘ 

Alloys are added to carbon steel to 
push the knee of the curve to the right. 
This means that a slower cool will miss 
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the knee, give a fully martensitic struc- 
ture, and allow one to obtain satisfactory 
depth of hardness on thicker sections. 

Quenching. . The purpose of quenching 
is to cool the steel rapidly enough from 
the austenitizing temperature to secure 
the desired microstructure — normally 
bainite or martensite. Rate of cooling a 
workpiece is governed by the quenching 
power of the quenching medium, the 
degree of agitation, and the size of the 
article. Cooling rates for various sizes of 
sections, quenched in oil and water, are 
given in curves available from steel sup- 
pliers. 

Quenching media. . The quenchants 
most commonly used in heat-treating 
plants are water, brine solutions, oils, air, 
and dilute sodium-hydroxide solutions. 
Increasing applications are being found 
for molten salts and molten metals. 
Quenching power of several media are 
given in Table 38. 
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Fig. 5. . Strength of steel is proportional 
to the hardness 
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Fig. 6. . Impact strength, which is a labora- 


tory measure of toughness, is a function of 


tempering temperature. Dip in curve is region 
not customarily used 


table 38 . . QUENCHING POWER OF VARIOUS MEDIA 


Air 


Severity of Quench! 
Oil Water 





No circulation of liquid or agitation of piece 0.02 
Mild circulation (or agitation). .......... 
Moderate circulation 

Good circulation... . 

Strong circulation 

Violent circulation... 


0.25 to 0.30 0.9to 1.0 
0.30 to 0.35 1.0to1.1 
0.35 to 0.40 1.2to1.3 
0.4 to0.5 1.4to1.5 
0.5 to0.8 1.6 to 2. 
0.8 tol.1 4 





'Nominally the severity of quench, H, is based on a value of 1.0 for still water. 


Water. Ordinary water finds widest use 
for quenching carbon steels ranging from 
0.50 to as high as 1.20% carbon. Tem- 
perature of the water should not be over 
100 F. 

Brines. There is a growing tendency to 
substitute a 9% (by weight) sodium-chlor- 
ide (common salt) brine for water as a 
general quenchant for steels of the water- 
hardening type. More uniform hardening 
can be obtained with brine. 


Tempering 

As-quenched steels exhibit maximum 
strength and hardness, but they lack 
toughness and are therefore unsuitable 
for use. By reheating the steels to a 
low or moderate temperature, the hard- 
ness and strength are “drawn back”, and 
the toughness is increased. This process 
is known as tempering, although it is 
also called “drawing”, in shop parlance. 

Fig. 5 illustrates the relation of ulti- 
mate strength and yield strength to the 
Brinell hardness of steel. When a cer- 
tain strength is required, it is good prac- 
tice to temper at the highest temperature 
permissable, because this practice will in- 
duce the greatest degree of toughness, 
Fig. 6. 

All steels do not exhibit the same hard- 


ness for a given tempering temperature. 
In fact, steels with the same carbon con- 
tent will temper at different rates if they 
have different alloy contents. This state- 
ment is borne out by Fig. 7. Here SAE 
1045 has a Brinell hardness of 280 when 
tempered at 1000 F, whereas SAE 4045 
has a Brinell hardness of 350, when tem- 
pered at the same temperature. 

If dependence is made upon the notch 
bar tests as a measure of toughness, it is 
well to know that Isod values dip for tem- 
pering temperatures in the 425 to 750 F 
region, approximately. Alloy steels are 
seldom tempered in this “blue brittle” 
range. The tempering range is 200 to 
1200 F, and normally the heat-treater 
avoids the temperatures between 450 and 
650 F. As a rule, articles subject to wear, 
such as cutting tools, ball and roller 
bearings, and gears are tempered be- 
tween 300 and 400 F, and items that must 
possess great toughness, such as struc- 
tural parts of machinery, are tempered in 
the 800 to 1100 F range. 


Interrupted quenching 


In normal quenching practice, the work 
is quenched down nearly to room tem- 
perature and then tempered while still 
warm to avoid cracking. But with iso- 
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Fig. 7. . Alloy content affects the hardness developed by tempering temperatures 
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Product: Tempered martensite 


Tempered to desired 
100 % hardness 
y 


Temperature 


————————— Transformation 


CONVENTIONAL QUENCHING AND TEMPERING 


MARTEMPERING 
Product: Tempered martensite 


phen 
Tempered if 
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f 
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ISOTHERMAL QUENCHING AND TEMPERING 
Product: Tempered martensite and bainite 


(Transformation 


Temperature 








AUSTEMPERING 
Froduct: Bainite 


Transformation 











Log time 


Ms - Start of martensitic transformation 


Log time 


Mf- Ainish of martensitic transformation 


Fig. 8. . . Comparison of hardening processes in relation to the “‘S” curve (shaded area). 
In the conventional process, the steel is quenched through the martensitic-transformation 
range and then reheated for tempering. In the other three processes, the steel is caused 
to transform to bainite (austempering) in hot salt or to martensite, and tempered in salt 


thermal heat-treatments, or interrupted 
quenching procedures, residual thermal 
contraction of the steel and expansion of 
martensite are minimized in three proc- 
esses (see Fig. 8). 

Austempering. . Stee] heated to the aus- 
tenitizing temperature is rapidly cooled 
by plunging into molten salt held at a 
temperature between 400 and 800 F, per- 
haps about 650 F, where it is held long 
enough to transform the austenite to 
bainite. Austempered steel is extraordi- 
narily tough as compared to quenched 
and tempered steel of the same analysis 
at the same hardness. 

The process, which is patented by US 
Steel Corp is not limited with respect 
to section thickness, but products are 
normally % in. thick or less, especially 
with higher hardenability steels, which 
would take too long to convert. So far 
austempering is used mainly for plain 
carbon steels and alloy steels of low alloy 
content. 

Martempering. . This process seeks to 
develop martensite instead of bainite, as 
in austempering. The steel is quenched 
into salt maintained at about the Ms 
point for the particular analysis, held 
long enough to equalize the temperature 
and create martensite, and then cooled 
in air. High hardness is obtained without 
quench cracks or dimensional changes. 
Heavier sections can be processed by mar- 
tempering than austempering. A temper- 
ing operation may follow if lower hard- 
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ness is desired than produced in the mar- 
tempered structure. 

Isothermal quenching. . In this process 
the steel after being heated to the aus- 
tenitizing temperature is plunged into a 
salt bath at a lower temperature than for 
the austempering process, usually 450 F 
or thereabouts. When isothermal trans- 
formation to a bainite-martensite struc- 
ture has occurred, the steel is transferred 
to a higher-temperature salt bath for tem- 
pering. Minimum dimension change oc- 
curs. 


Annealing of steel 


Annealing treatments are applied to 
steel to put it into the most suitable con- 
dition for machining or other cold-finish- 
ing operations. Metal that has been 
worked will exhibit a distorted grain 
structure under the microscope. Anneal- 
ing restores the original structure and al- 
lows further cold working to be done; it 
also softens steel and removes residual 
stresses. 

Types of annealing treatments. . Three 
types of annealing treatments are in gen- 
eral use: 

1. Austenitizing followed by very slow 
cooling. 

2. Austenitizing followed by cooling to 
a predetermined temperature and holding 
for sufficient time for the steel to .trans- 
form to the desired structure. 

3. Heating to a temperature below the 





austenitizing temperature and cooling at 
any desired rate. 

The first two processes involve heating 
the steel to say 100 F or less above its 
critical temperature, or Ae, point, Fig. 9, 
which is usually near or well over 1300 
F, depending on composition. This heat- 
ing puts the steel in the austenitic condi- 
tion. When the steel is cooled below the 
cr.tical point, it will transform back to 
ferrite and carbide. 


Slow cool no advantage 


Transformation to ferrite-carbide does 
not take place between the austenitizing 
temperature and the critical temperature. 
Thus, there is no advantage in slow cool- 
ing between these temperatures. But the 
proper cooling rate to use below the crit- 
ical temperature, for satisfactory anneal- 
ing by continuous cooling, depends on 
the transformation characteristics of the 
particular steel. Four cooling rate curves 
are superimposed on the T-T-T diagrams 
for 2340 and 4340 steels, Fig. 9. For 
practical purposes, the end of transfor- 
mation occurs 50° below the intersection 
of the cooling rate curve and the iso- 
thermal curve. 

These cooling-rate curves represent, 
for a 2-in. round, the following condi- 
tions: 

Air cool—cooling freely in air. 

300F per hr—fast furnace cool. 

SOF per hr—slow furnace cool. 

20F per hr—very slow furnace cool. 
The air cooling curves intersects the end- 
of-transformation curve at 1050 F, so a 
bar 2 in. or larger air cooled from 1450 F 
should be completely transformed to fer- 
rite plus peariite at 1000 F. The other 
three curves indicate that at any cooling 
rate between 20 and 300 F per hr, trans- 
formation will be completed at about 
1050 F, and finish cooling can safely be 
done in air. 

Thus by means of cooling curves, pro- 
vided T-T-T curves are also available, it 
is possible to determine the proper cool- 
ing rate for continuous cooling and the 
temperature at which the steel can safely 
be removed from the furnace. 

The choice between annealing by con- 
stant-temperature transformation or by 
transformation during continuous cooling 
depends on the size of parts, manner of 
loading and furnace equipment. Better 
distribution of free ferrite in the steel is 
secured with transformation by continu- 
ous cooling. Banding of the ferrite will 
occur when the steel is cooled slowly. 

Soft steel is not necessarily best for 
machining. A spheroidized structure is 
excellent for cold forming and is satis- 
factory for some turning operations, but 
a lamellar structure is preferred for form 
cutting, milling and drilling. The higher 
the austenitizing temperature, the greater 
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is the tendency to obtain a lamellar 
structure, while the closer the austenitiz- 
ing temperature is to the Ae; tempera- 
ture, the greater the tendency for a 
spheroidal structure. 

Some steels resist spheroidization. In 
such cases it is helpful to hold the steel 
at a temperature about 50 F below the 
critical for a considerable period to ag- 
glomerate the carbides before the mate- 
rial is heated to the austenitizing tem- 
perature. For many steels, normalizing 
serves the same purposes as preheating in 
the suggested manner, and is sometimes 
more effective, although two furnace han- 
dlings are required. 

Subcritical annealing, also known as 
tempering, and as “process annealing” 
(in the wire industry), consists merely of 
heating the steel to a temperature below 
the Ae, critical, holding at temperature 
for a period, and then cooling at any 
convenient rate. The structure will not 
be as soft as realized by annealing pro- 
cedures involving transformed austenite. 
Generally, the only action is spheroidizing 
of the carbides. 

Stress relieving. . Plastically deformed 
parts and welded structures frequently 
contain internal residual stresses that 
would be harmful to service life or fur- 
ther working. Such stresses are reduced 
by a stress relieving treatment at a tem- 
perature that is normally just below the 
transformation range for the steel in 
question. For example, carbon steels are 
usually soaked at 1100 to 1250 F for 
1 hr per in. of thickness. Higher-alloy 
steels like chrome-moly types would be 
soaked up to 3 hr per in. of thickness at 
a temperature of 1350 to 1400 F. 


Carburizing 

Carburizing is a case-hardening proce- 
dure whereby carbon is added to steel 
from the surface inward to a specified 
depth. The carbon content in the affected 
zone must be sufficiently high to impart 
the desired wear resistance, hardness and 
strength after a subsequent hardening 
heat treatment. The underlying metal re- 
tains its original toughness after treat- 
ment. Progressive diminution of carbon 
from surface to core is termed the “car- 
bon gradient.” 

Development of the improved physi- 
cal properties desired is only obtained by 
quenching the carburized case from pre- 
scribed temperature above the transfor- 
mation range of the steel. When this is 
done the carbon-enriched case becomes 
hard and wear resistant. 

The process is applicable to carbon and 
alloy steels of low carbon content, and 
to a lesser extent to steels of medium 
carbon content. 

Up to 1.7% carbon can be dissolved 
in the austenite, but this is seldom done. 
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Fig. 9. . Cooling rate curves superimposed on the time-temperature-transformation diagram 
enable one to determine the most effective annealing cycle. Note that higher alloy content 
of 4340 steel pushes the S curve to the right of the diagram, as compared to 2340 steel 


Maximum hzrdness is obtained when car- 
ben content is about 0.80%, and de- 
creases progressively somewhat beyond 
0.90%. To be on the safe side, the aim 
is generally to obtain 0.85% to 1.20% 
carbon. Carburizing temperatures in ex- 
cess of 1750 F are seldom used. The 
common range is 1675 to 1725 F, and 
1700 F is the predominant temperature. 

Influence of hardenability. . The hard- 
enability of steel is an important factor 
in influencing case characteristics. In gen- 
eral, as the hardenability of steel in- 
creases, the hardness of the case de- 
creases, whereas the core hardness in- 
creases. Where maximum resistance to 
indentation and abrasion is desired, high- 
hardenability carburized steels should not 
be used in the direct-quenched condition. 
Instead, they should be rehardened if at 
all possible, freedom from distortion per- 
mitting. 
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Carburizing materials 
and methods 


General industrial practices are: (1) 
pack method, (2) gas method (including 
oil vapors), and (3) liquid salt method. 
Sometimes, the impression is given that 
one or another method is faster. Based 
on total elapsed time this is true, but the 
essential difference in time is the inter- 
val necessary in bringing the work to the 
carburizing temperature. When the car- 
burizing temperature is once attained, the 
speed thereafter to obtain a given case 
depth is much the same for any of the 
three methods. 

Pack carburizing. . Also known as box 
carburizing, pack carburizing remains the 
most foolproof and perhaps the most ver- 
satile method in accommodating wide 
ranges in geometry of parts. 

Pack carburizing consists of heating 
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Figs. 10 and 11. . Time-penetration curves 
for two types of carburizing salts. Case depth 
is affected by both the bath characteristics 
and the operating temperature and time 
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the work in containers or pots. The work 
is surrounded by compound. When the 
compound is heated to carburizing tem- 
peratures, carbon monoxide is formed. 
It reacts as nascent or atomic carbon at 
the surface of the steel and migrates in- 
ward by a solid diffusion process. 

Most carburizing compounds fall into 
two classes: (1) charcoal-coke and (2) 
coke type. Both kinds contain 15 to 20% 
alkali carbonates or “energizers”, whose 
action is similar to a catalyst. 

Case depth. . Use of pack carburizing 
is generally restricted to case depths 
greater than 0.025 in., because it is dif- 
ficult to heat uniformly quickly 
through carburizing compound. Also, case 


and 


depth is usually specified to wider ranges 
than with other carburizing processes. 

Gas carburizing. . Gas carburizing in- 
voives the use of fuel gases like natural 
gas, propane, butane, manufactured gas 
and other compositions as the carburiz- 
ing medium. Hydrocarbon liquids which 
break down into il vapors are also em- 
ployed. Workpieces are exposed to these 
gases in retorts, muffles or tight furnace 
chambers under slight pressure and main- 
tained at the same temperature ranges as 
used for the pack method. 

Carburizing with straight natural gas 
is the simplest and most economical of 
the various gas carburizing methods. If 
rigid avoidance of fairly high carbon con- 
centration in the case is not necessary, a 
straight carburizing cycle, omitting a dif- 
fusion period, can be used. The natural 
gas is simply admitted at a safe furnace 
temperature, above 1300 F, at a high rate 
of flow, then cut back until the contents 
of the furnace approach the carburizing 
temperature. As the furnace temperature 
and workpieces equilibrium, the 
gas is admitted at a constant rate until 
the desired case depth is obtained. 

If diffusion is employed (the practice of 
restraining the formation of high-carbon 


reach 
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content cases), gas is cut off at about two 
thirds the duration of the carburizing 
cycle, the discharge pipe capped, and the 
contents and furnace allowed to reach 
equilibrium with the carbon potential of 
the gas during the last third of the cycle. 
Thus, the carbon diffuses inward, with- 
out building up to an excess much above 
the eutectoid or 0.85% carbon range in 
the outer layers of the case. 

Carburizing with oil vapors is much 
the same as with natural gas, and both 
were commonly used until the introduc- 
tion of carrier gases. 

Dewpoint. . Dewpoint can be defined 
as that temperature on cooling at which 
moisture or water vapor will condense 
out of a gas. By keeping the dewpoint 
within a range of +10 F to +25 F, the 
process can be controlled within the de- 
sired limit for case depth and carbon 
concentration. 

Furnace chamber pressure. . If the pres- 
sure is not positive, air will find its way 
into the furnace to form water vapor or 
carbon dioxide, both of which are de- 
carburizing agents. General practice is to 
aim for a furnace pressure of 0.10 to 0.50 
in. water column to prevent ingress of 
contaminants with opening and closing of 
doors. 

Rate of case formation. . Time at heat 
to produce a given effective case depth 
is a function of the carburizing temper- 
ature and the carbon potential of the 
carburizing medium. A figure in common 
use is approximately 0.007 in. per hr up 
to 0.040 in. case depth, and diminishing 
to approximately 0.005 in. per hr upon 
reaching 0.060 in. These figures are esti- 
mates and are to be used for a tempera- 
ture of 1700 F, assuming the steel has 
reached the carburizing temperature. 

Dewpoint determinations. . With gas 
carburizing, it is a good plan to control 
the chemical composition and dewpoint 
of both the generator gas and the mix- 


ture of gas in the furnace chamber. Daily 
dewpoint determinations and weekly gas 
analyses are recommended. When ana- 
lyzing the gas, frequently only the car- 
bon dioxide, oxygen and carbon monox- 
ide are determined. 

Carburizing salt baths. . Salt-bath car- 
burizing is an outgrowth of the well- 
known cyaniding bath, but produces much 
deeper cases higher in carbon content and 
lower in nitrogen content. With liquid- 
salt carburizing baths, heavy cases rang- 
ing from 0.040 to 0.250 in. depth can be 
produced in comparison with the straight 
cyanide bath where 0.010 in. depth is 
generally regarded as the maximum. , 

By varying the chemical composition 
of the baths, they can be made to pro- 
duce light, medium or heavy case depths. 
Light-case depth is generally considered 
to range from 0.003 to 0.015 in., medium 
from 0.015 to 0.040 in., and heavy from 
0.040 up to as high as 0.250 in. 

Carbon content at various depths of 
case is affected by the carburizing tem- 
perature and the characteristics of the 
salt bath. For example, SAE 1020 steel 
held for 2 hr in medium-case salt at 
1550 F has a carbon content of 0.48% 
and a nitrogen content of 0.09% at a case 
depth of 0.010 in. For the same exposure 
in deepcase salt held at 1750 F, the car- 
bon content is 0.90% and the nitrogen 
content about 0.12% at a case depth of 
0.012 in. 

Post-Carburizing treatments. After 
carbon enrichment of steel to specific 
concentration and depth of penetration, 
a choice of subsequent treatments is 
available. These post-carburizing treat- 
ments may be: (1) cool the work in air, 
in carburizing compound or in gaseous 
medium for either intermediate machin- 
ing operations or for one or more re- 
heating treatments, or (2) quench from 
the carburizer, either directly or after an 
intentional delay. 

Slow cooling. . Work cooled in car- 
burizing compound, especially where 
large containers are used, has a tendency 
to become decarburized. Where sufficient 
grinding stock is provided or where con- 
trolled-atmosphere furnaces are employed 
for rehardening operations, carbon loss 
is no obstacle. 

If air cooling of pieces individually, or 
within containers, or within gas-filled 
chambers, does not leave the material 
soft enough for intermediate machining 
operations, a tempering treatment must 
be employed. Although, this might seem 
expensive, it is often cheaper than in- 
curring high tool costs from work with 
hardness above the economical machin- 
ing range. 

Slow-Cooling Applications. . Most 
slow-cooling procedures are employed for 
subsequent rehardening heat treatments, 
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either single or double. On slowly cooled 
material, a good combination of case and 
core properties can be obtained by re- 
heating to a temperature at or slightly 
above the upper transformation tempera- 
ture of the core. This is referred to as a 
single quenching treatment. Thus, both 
the case and core become hardened, giv- 
ing the part increased strength and re- 
sistance to shock. Treatments such as the 
foregoing are employed where parts are 
to be fixture quenched, and where it is 
not always feasible to quench parts in- 
dividually from the carburizer due to the 
large quantity being discharged at once. 

Direct quenching. . The term “direct 
quenching” implies quenching directly 
from the carburizing medium into brine, 
water, oil or liquid salt. Effect of direct 
quenching is often modified by a delib- 
erate time delay, before quenching or by 
reducing the temperature somewhat at 
the end of the carburizing cycle. 


Tempering procedure 
for carburized work 
Tempering, as used in conjunction with 
carburizing and hardening, is a low-tem- 
perature heat treatment employed pri- 
marily for the benefit of the case. It in- 
creases the resistance to impact, helps to 
prevent grinding cracks or checks, aids 
in reducing residual stress, minimizes 
chipping of the ends of clash gear teeth 
and also facilitates lapping of tooth con- 
tacts in gear manufacture. Good range 
of temperature for tempering carburized 
work is from 325 to 375 F. Customary 
time at temperature is 2 to 3 hr. 


Carbonitriding 
Carbonitriding is a gas casehardening 
process that produces a thin duplex case 


of nitrides and carbides on wrought 
steels, when exposed to a furnace atmos- 
phere consisting of ammonia and a 
carbon-rich gas. The case may range 
from 0.001 to 0.035 in. thick, but the 
nornial range is 0.005 to 0.020 in. The 
process is cleaner than cyaniding and re- 
quires secmewhai less time and a lower 
temperature than gas carburizing. It is 
said that parts which distort when oil 
quenched from salt will show virtually 
no distortion when carbonitrided. 

In carbonitriding the ammonia content 
of the furnace atmosphere varies from 
say 1% for work to be quenched to 15% 
for furnace-cooled work. 

Wear resistance of carbonitrided cases 
is said to excel cyanided or carburized 
cases. Case hardness of Rockwell C 62 
to 64 is possible, and a core hardness of 
Rockwell C 32. 

Steels used. . Straight carbon steels: 
SAE-AISI, 1008, 1010, 1015, 1016, 1020 
and manganese compositions: 1320 and 


the alloy steels usually used in carburiz- 
ing. 

Carbonitrided products. . These pres- 
ently include: thin-wall tubing, ratchet 
wrenches, sheet metal screws, bolts, 
washers, studs, water pump shafts, and 
gears. 


Gas nitriding 

Special aluminum - bearing _ steels 
(Nitralloy) and some AISI steels can be 
surface hardened without quenching by 
heating in an ammonia atmosphere at 
925 to 1000 F for a long period, upwards 
of 20 hr. Workpieces are machined be- 
fore nitriding to eliminate any decar- 
burized layer, and the nitriding operation 
is therefore done before final grinding. 
Tin plating only a few “tenths” thick 
will serve as an effective stop-off for 
selective nitriding. The case produced 
is in the order of 0.02 in. when nitrided 
for 20 hr, and 0.0275 for 60 hr. Excep- 
tional wear resistance and hardness (800 
to 1000 Brinell) make gas nitriding suit- 
able for aircraft cylinder barrels; paper- 
machine rolls; reduction-drive gears; 
roller chains, and sealing rings. 

Case depth. . In a total case of 0.015 
in. on Nitralloy, about 0.005 to 0.007 
in. in depth will exceed 900 Vickers 
hardness. With total case depths of 
0.030 in. (100 hour cycle) approximately 
0.010 to 0.012 will be in excess of 900 
Vickers hardness. 

Nitriding of standard SAE composi- 
tions results in a hardness considerably 
lower than with the Nitralloy composi- 
tions. Compositions nitrided are SAE 
4130, 4140, 4340, 8630 and 9440. 

Post heat treatment. . No heat treat- 
ment is required after nitriding, be- 
cause full hardness is realized. However, 
heat treatment prior to nitriding is nec- 
essary to obtain a structure amenable 
to the nitriding cycle ard obtain a 
constant growth factor. 

The SAE-AISI steels obtain full hard- 
ness upon nitriding and prior treatment 
is necessary similar to Nitralloy. This 
consists of a high temperature quench 
(1750 to 1800 F) followed by a Graw at 
1000 to 1150 F. The SAE-AISI alloy 
and medium carbon steels have prop- 
erties superior to those not nitrided. 

All decarburization must be removed 
prior to nitriding to prevent a brittle 
case and excessive and uncontrolled 
growth. Parts should be made undersized 
to counteract the normal growth which 
occurs in nitriding. 


Flame hardening 


Selective surface hardening is done 
by localized application of the high- 
temperature flames of natural gas, acetyl- 
ene or butane-propane gases burned with 


American Machinist e MID-NOVEMBER, 1954 


air or oxygen—usually in commercial 
or specially built flame hardening ma- 
chines. With this process, it is necessary 
to control the temperature of the heated 
area within very narrow limits, and to 
control the area to which heat energy 
is applied. Further, the heat cycle must 
be a matter of seconds ordinarily. These 
requirements are being met, and it is 
now possible, with proper selection of 
steel, to heat treat parts with less dis- 
tortion and at lower cost. 

Any type of hardenable carbon or 
alloy steel can be flame hardened. Fine 
grain steel is preferred. Steels from 1035 
to 1050 are most commonly selected, 
next the pearlitic and medium-alloy 
steels. With high alloy steels, when the 
alloy content is over 1.75%, the steel 
should be preheated slightly. In fact, 
preheating any steel will cut flame hard- 
ening time by 20%. 

Quenching. . For a maximum quench 
of some items, water at 60-100 psi is 
used, but in other instances, a fine air- 
water spray is employed. 

Costs. . Many parts that are furnace 
hardened require alloy steels because 
their shape or design does not permit 
a vigorous or full quench for full sur- 
face hardness, if made in plain carbon 
steels. Selective hardening of carbon 
steels will yield surface hardnesses 100 
150 Brinell points higher than with fully 


quenched work. If core properties must 


be higher those of annealed carbon steels, 
alloy steels are employed. They are heat- 
treated for core properties, machined and 
then flame hardened. 


Induction hardening 


Induction heating is a speedy, clean 
method of selective case hardening. 
Electromagnetic energy from a suitable 
work coil raises the temperature of the 
surface layers of the steel to the harden- 
ing range in a matter of seconds. The 
time is closely controlled to obtain the 
desired heat penetration and pattern, and 
then the work is quenched with water, 
oil or allowed to cool in air. 

Steels used. . Medium carbon steels 
are preferred with carbon above 0.30%. 
Alloy steels containing strong carbide 
formers (such as chromium and molyb- 
denum) respond with difficulty due to 
possible overheating. Other alloy steels 
are used where either rapid quenching 
cannot be used or deep hardening is 
essential. 

Case depth. . The case depth can be 
controlled by the length of time cycle. 
Minimum case depths are 0.015 in. 
Common hardening depths are from 
0.030 up to 0.125 in. 

Heat treatment. . Tempering opera- 
tions may follow induction hardening. 

Advantages. . Both external and in- 
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ternal surfaces can be selectively hard- 
ened. Automatic controls assure uni- 
formity of heat treated parts. Efficient 
heat utilization is high due to localizing 
the heat. It is possible to substitute less 
expensive steels than on other methods. 
A short heating cycle is good for high 
production; this also minimizes both 
distortion and oxidation. 


. . wrought 


Disadvantages. . Initial equipment in- 
vestment for complex parts may be high. 
Extra large sections may present dif- 
ficulties due to the limitations in the 
equipment available. 

As a rule, for thin sections, higher 
frequencies are used; for extremely heavy 
sections, the low frequencies are ad- 
vantageous. 


Heating and quenching cycles may be 
critical for consistent results. The limita- 
tions would be in the automatic timing 
equipment and not in the induction heater. 
Experimentation is required to establish 
time cycles. Close material control is 
usually necessary. 

Design of the induction heating coils 
requires careful job analysis. 


Turning data for wrought steels 


Since the days of Frederick Taylor, a tremendous 
amount of turning research has been done on carbon and 
alloy steels. For shop use, the machinability of these 
steels is measured in three ways: 

1. Hardness, which is a convenient method but is not 
accurate. 

2. Relative machinability in percent against a free- 
cutting steel like 1112, assigned a rating of 100. 

3. The relationship of microstructure to machinability, 
as exemplified particularly in AM Special Reports Nos. 
270, 272, 323, which were derived from the US Air 
Force Machinability Reports. These reports show that 
steels of different analyses but heat treated to obtain like 
microstructures will permit similar results in cutting 
speed and tool life, although their hardnesses are mark- 


edly different, and speeds are much greater than cus- 
tomary. 

Nevertheless, for much shop usage, the hardness or 
machinability indexes relative to 1112 are convenient 
and may be the only practical criteria. Unless the shop 
is in a position to use steels heat-treated to machinabil- 
ity specifications or has the volume of work sufficient to 
apply heat treating (when economical) to improve 
machinability, there is little point in thinking about the 
matter. Therefore, the material that follows is based 
almost entirely on speeds, feeds, and depths of cut that 
have been found suitable on various wrought steels. 
These data are arranged for the cutting materials in use, 
and the tool angles are given. However, some data on 
machinability vs microstructure will be offered, so your 
memory is refreshed on this score. 


table 39 . . APPROXIMATE MACHINABILITY RATINGS OF VARIOUS STEELS 


(Based on tool life, finish produced, and power required when cutting is done under 
constant conditions) 


Machinability and tool life. . Tool life, 
power consumption, and work finish are 
the practical aspects of machinability, 
which has been the subject of a vast heen. Mattie Approx. 
amount of research. Machinability ratings AISI Brinell ability AISI Brinell ) 
of various materials are given in Table 39. = age oe Aire STM annem Alb BR oe 
Cold-drawn AISE 1112 steel is taken as 
having a machinability rating of 100%. 
A steel with a 50% rating would be ma- 
chined at approximately half the speed 
for AISI 1112 in order to obtain equal 
tool life, if desired. 

Years of shop tests have produced this 
equation: 





Machin- Approx. Machin- 
ability AISI Brinell ability 
Hardness Rating % 





180-195 
215-225 
175-185 
225-240 
160-172 
200-210 
205-215 
A5120+ 140-150 
AS5150+ 200-210 
E52100¢ 230-240 
A6120+ 165-185 
A6140t 190-230 
A6152+ 200-235 
A92557 300-310 
A9263+ 325-350 


A4135t 
A4150t 
A4320T 
E4340T 
E4615t 
E4640+ 
A4815t+ 


E1112* 170 100 
B1113* 180 135 
C1115* 180 -190 
C1117* 160-165 
C1132* 195-205 
C1132+ 175-182 
C1137t 183-190 
A2317t 160-170 
A2330t 195-210 
A2340t 220-230 
A25147 170-190 
A3115T 145-155 
A3130T 200-220 
A3135t 190-200 
A3140T 220-230 
A3150T 220-230 
A3240T 190-205 
E3310t 170-229 
A4023+ 156-175 
A4027T 150-175 
A4032t 165-185 
A4037t 185-205 
A4040T 190-235 
A41197 175-185 
A4130T 175-185 


113-126 45 
113-130 45 
130-143 
143-149 
150-162 
160-179 
180-200 
200-221 
220-235 
220-235 
220-230 
220-250 
220-250 
100-115 
130-140 
125-135 
130-140 
170-180 
185-195 
185-200 
190-210 
208-215 
200-220 
190-210 


C1008* 
C1010* 
C1015* 
C1020* 
C1025* 
C1030* 
C1035* 
C1040* 
C1045* 
C1050* 
C1070* 
C1085* 
C1095* 
. ea fare C1010+ 
where M = machinability relative to AISI C1020+ 
1112, taken at 100%; A, Ki, Ke, and C1025t 
Ks = constants (see Table 40); 7’ = ten- C1030} 
sile strength of material in 1000 psi; C rion 
™ C1040 
percentage of carbon, up to .25%. as C1045+ 
points; and E = elongation, %. C1055 
It is common practice to use brinell p oa 
hardness as a guide to machinability, 1095+ 
probably because of its relation to tensile 
strength. But brinell hardness may not 
= basic open-hearth alloy steel = cold-drawn steel 


be an accurate measure of machinability 
. 4 , — machina ility = acid bessemer carbon steel | = As rolled or annealed 
because two unlike steels may be of the = éctric ferande alter ebecl 
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table 40 . . CONSTANTS FOR CALCULATING RELATIVE MACHINABILITY 





SAE 
Steels* 


Condition 
of Steel 


Constants 
Ky Ke 


Ks 


Microstructure of 
Annealed SAE Steels 





Series carbon 


steels 


1000: 


Series 2300: nickel 


steels 


Series 3100: low- 
chrome nickel steels 


Series 3200: medium- 
chrome nickel steels 


Series 3300: high- 
chrome nickel steels 


Series 4100: chrome 
molybdenum steels 


4300; chrome 
molybdenum 


Series 
nickel 
steels 


Series 4600; nickel 
molybdenum steels 


Series 6100: chrome 


vanadium steels 


As-rolled 


Annealed 


Quenched and 


2.00 1.00 


tem- 


pered to 300 brinell 


max 
Cold-drawn 
Annealed 


Quenched and 


tem- 


pered to 300 Brinell 


max 
Cold-drawn 
Annealed 

drawn 
Annealed 


and 


Quenched and 


cold- 


tem- 


pered to 300 Brinell 


max 
Annealed 


Quenched and 


tem- 


pered to 300 brinell 


max 
Annealed 


Annealed 


Annealed 


Quenched and 


tem- 


pered to 300 brinell 


max 
Annealed 


Quenched and 


tem- 


pered to 300 brinell 


max 
Annealed 


Quenched and 


tem- 


pered to 300 brinell 


max 
Annealed 
drawn 


and 


cold- 
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00 


SAE 1020, 1030, 1040: 
medium-sized pearlite 
and ferrite. 

SAE 1050 and 1060: 
ferrite and spheroid- 
ized pearlite 

SAE 1070, 1080, 1095: 
spheroidal, carbide 
plus ferrite 


SAE 2320, 2330: medi- 
um-sized pearlite and 
ferrite 

SAE 2340, 2350: ferrite 
and spheroidized 
pearlite 


SAE 3115, 3120, 3130, 
3140, 3150; medium 
sized pearlite and 
ferrite 


medium- 
and 


SAE 3200: 
sized pearlite 
ferrite 

SAE 3230, 3240, 3250: 
ferrite and spheroid- 
ized pearlite 

SAE ~ 3312: 
sized pearlite 
ferrite 

SAE 3340: ferrite and 
spheroidized pearlite 

SAE 4120; 4130; medi- 
um-sized pearlite and 
ferrite 

SAE 4140, 4150; ferrite 
and spheroidized 
pearlite 

SAE 4340; ferrite spher- 
oidized pearlite 


medium- 
and 


SAE 4620, 4630, 4640: 
medium-sized pearlite 
and ferrite 


medium- 
and 


SAE 6120: 
sized pearlite 
ferrite 

SAE 6140, 6150: ferrite 
and spheroidized 
pearlite 





*Grain size: 5 to 8, according to classification E-19 of the ASTM. 


table 41 


. . MACHINABILITY OF ALLOY STEELS—SUGGESTED STRUCTURES 





Carbon Range 


Process 


Turn- 


Structure ing 


Form- 
ing 


Broach- 
ing i 





Low (0.08 to 0.30) 


Medium (0.30 to 0.50) 
Medium (0.30 to 0.50) 
Medium (0.30 to 0.50) 
High (0.50 to 0.80) 
High (0.50 to 0.80) 
High (0.50 to 0.80) 


Normalize 
and anneal 
Anneal 
Anneal 
Heat-treat 
Anneal 
Anneai 
Heat-treat 


Blocky ferrite Good 


Spheroidized Good 
Lamellar 

Sorbitic 

Spheroidized 

Lamellar 

Sorbitic 


Good 


Good Good 


Poor 


Good 
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same hardness but their machinability 
rating will be different. 

The microstructure of the steel has a 
great deal to do with machinability and 
the finish obtainable. Evaluations of alloy 
steels are more complicated than those 
of carbon steels. Relative machinability 
according to three carbon ranges and 
four structures are given in Table 41. 


Wrought-steel 
microstructures 

Steels can be divided into three major 
groups for the purpose of machinability 
consideration: (1) Low-carbon screw stock 
containing about 0.10% carbon, (2) Car- 
burizing steels containing about 0.2% 
carbon, .and (3) Medium-carbon alloy 
steels containing 0.35 to 0.5% carbon. 

The microstructure of the low-carbon 
steels consists of about 85% free ferrite 
and 15% pearlite. The free-machining 
variety of these steels contains from 0.1 
to 0.35% sulfur. There is little that can 
be done to improve the machining char- 
acteristics of this group of steels other 
than to add free-machining additives such 
as sulfur or lead. 

Carburizing steels usually have a struc- 
ture consisting of 70% ferrite and 30% 
pearlite. In such steels, the grain size 
may be large or small, and other varia- 
tions may exist. 

Furnace annealing lacks the necessary 
refinement to maintain adequate control 
of microstructure. More recently, cycle 
annealing, especially salt-bath annealing, 
has been found to obtain uniform dis- 
tribution of pearlite and ferrite, as well 
as definite grain size. 

Medium-carbon alloy steels are capable 
of assuming a wide variety of structures, 
depending on the rate at which they are 
cooled. In addition, it is possible to have 
various combinations of the above struc- 
tures. For example, a steel bar may have 
a structure consisting of coarse pearlite 
together with spheroidized carbides. In 
a thick bar it is possible to have the first 
structure on the outside where cooling 
was rapid, and a second structure on the 
inside where the cooling rate was slow. 

With uncontrolled cooling such as that 
obtained in cooling from rolling or forg- 
ing, not only are variations in structure 
and grain size possible within one bar, 
but large variations are possible from 
bar to bar. 


Cutting-tool materials 


Three kinds of cutting materials are 
used for single-point tools employed on 
steels. The choice depends on the opera- 
tion, machinability of the material, speed 
and feed, condition of machine, finish and 
dimensional accuracy requirements of the 
workpiece. The cutting materials are: 
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table 42 . . CUTTING ANGLES FOR HIGH-SPEED-STEEL TOOLS* 


Material 


Side 
relief 
anglet 


Front 
relief 
angle 


Back - 
rake 
anglet 





SAE steels 


1020. . 
X1020. 
1035. 
1040. 
1045 
1095 
1112 
X1112 
1120 
X1314 
X1315 
T1335. 
X1335. 
2315. 
2320 
2330. 
2335 (annealed) 
2340 (annealed) 
2345 (annealed) 
2350 (annealed) 
BERO< a0 
3120 
3130.. 
3135 (annealed) 


16% 
16% 
16% 
16% 
12 
8 
164% 
16% 


1. . Steels containing from 14 to 22% 
tungsten or 6 to 9% molybdenum plus 
1.5 to 6% tungsten are called high-speed 
steels (HSS), because they do not lose 
their hardness when cutting at speeds suf- 
ficient to generate red heat. Cobalt is 
added to these steels to impart additional 
red hardness under heavy cuts where ex- 
cessive heat is generated. 

2. . Cast nonferrous materials (Stellite, 
Rexalloy, and Tantung) are capable of 
withstanding cutting speeds 25 to 80% 
greater than the maximum for high-speed 
steels. These materials are often used for 
heavy and intermittent cuts. 

3. . Cemented carbides enable attain- 
ment of the greatest metal removal per 
unit of time, because they can be used 
at extremely high speeds. Feeds are cus- 
tomarily lighter than with high-speed 
steels or cast-alloy tools. The combined 
carbides, tungsten carbide plus titanium 
or tantulum carbide, or both, are sug- 
gested for machining all types of steels. 


3140 (annealed) 
3250 (annealed) 
4140 

4340 ome 
6140 (anncaled) 


But the manufacturer’s recommendation 
is the safe guide to grade selection. 
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Machining 


*Allegheny Ludlum Steel Corporation nickel! alloy steels 
= 


+A front relief of 8° and a side relief of 10 to 12° are fairly standard for hand-ground tools. In 


some cases smaller relief angles can be employed for production jobs. Front relief of 4 to 5° is suggested f : ; ‘in 
for shaper and planer tools set vertical The following data apply to machining 


tIn general, where negative side- and back-rake angles are mentioned, these are to be used when the nickel-bearing SAE steels in these 
evidence of hogging is manifested. series: 2300, 2500, 3100, 3300, 4600, 
4800, 8600, also Nitralloy. 

In a qualitative way, the machinability 
of steel is a function of hardness. Sug- 
gested speeds and feeds for rough turning 


table 43 . . CUTTING SPEEDS FOR ROUGH-TURNING NICKEL STEELS 
(In Sfpm) 





Group No. Depth 
of cut 0.015 0.021 


High-speed Steel ‘ 
“ 0.030 0.045 (Table 43) are based on that convenient 


property. Nine hardness ranges are con- 
sidered representative: 





Group 1, Brinell up to 163 f 180 150 130 110 
145 125 95 
125 110 95 80 
110 95 80 70 Group No. 
. Brinell 163 t 130 110 95 85 
110 95 85 75 
95 85 75 65 
85 75 ‘ 55 
Group 3, Brinell 192 - 90 70 
% 96 60 
80 


Brinell hardness 





Up to 163 
163-192 
192-223 
223-255 
255-285 
285-321 
321-352 
352-388 
388-415 


NOWVSewne 


oo 


Group 4, Brinell 223-—: 





It will be found that most as-rolled, 
normalized, or annealed nickel-alloy 
steels will fall in the first four groups. 
The other five groups cover chiefly steels 
that have been quenched and tempered. 
Machining of heat-treated parts has ad- 
vantages that may offset any loss in ma- 
chinability. Heat-treated parts may be 
finish-machined without warpage, distor- 
tion, scaling, or decarburization. 

Table 43 represents good starting feeds 
and speeds for rough turning in every- 
day practice. For light finishing cuts, the 
maximum speeds given in the table for 
each group may be increased 50 to 100% 
or even more. 

For interrupted cuts it is desirable to 


, Brineli 255 


Group 6, Brinell 285-: 


Group 7, Brinell 321 


Group 8, Brinell 352- 


Brinel) 388 
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Normal side _ »i14° CO}, End cutting 
rake angle 
68 
Fae 3 
Ra, ‘ < 
pore ~ hawt 4e nose radius 
relief angle 5 
Normal end. ~~~ Normal 
relief angle Ykge 7 back rake 
angle 


‘Side flank 








End flank-~ 
Tool designation 8" 14” 6" 6" 20, 15 % 

Normal? back rake angle — be a 

Normal” side rake angle 

Normal® end relief angle 

Normal? side relief angle 

End cutting edge angle — 

Side cutting edge angle 

Nose radius ———— 7 i ’ 


Fig. 12. . Typical turning tool for steel of 
250-300 Brinell 


use a negative back rack of 2 to 8°; aver- 
age 5°. When a negative back rake is 
used, the side-rake angle should be posi- 
tive and be 2 to 5° greater than the nega- 
tive back-rake angle. 

When employing cemented-carbide 
tools on continuous cuts at high speeds, 
use a chip breaker to break the chips or 
coil them in convenient form. Use a 
chip-breaker depth of 0.020 in. and a 
width of 344 to %2 in. for 0.015-in. feed 
and Y%o- to “%-in. depth of cut. For a 
0.030-in. feed increase the width of the 
chip breaker from ¥% to %p2 in. 

Heat-treated nickel-alloy steels, when 
machined with carbide tools at high 
speeds, often show such a smooth finish 
that no subsequent grinding is necessary. 
In other cases, grinding allowances can be 
reduced, thereby saving wheel wear and 
time. 


Machining nitriding steels 


The nitriding steels (Nitralloy) are heat- 
treated to produce the sorbitic grain struc- 
ture necessary for nitriding. In this 
condition the Brinell hardness generally 
ranges from 225 to 260, but it may run 
over 300 for special purposes. 

After rough machining, the parts must 
be subjected to a subcritical anneal, 
usually 100 F higher than the nitriding 
temperature, to relieve internal stress set 
up by heat-treating, rough machining, and 
grinding. Light machining and grinding 
are permissible after the anneal. 

Machining requirements. . To minimize 
internal stress, machining cuts should not 
be deep and small feeds should be used. 
Feeds most commonly used are 0.015 to 
0.030 for roughing and 0.005 to 0.007 
for finishing. For precision boring feeds 
of 0.001 in. or less are used. 

Tool design. . With high-speed tools, 


surface cutting speeds usually run from 
50 to 75 fpm for heavy cuts, and from 
90 to 130 fpm for light cuts. Single- 
point tools in general use have side-rake 
angles of 16 to 20°, back-rake angles 
from 3 to 5°, side-cutting-edge angles of 
10°, and end and side relief angles from 
3 to 6°. Cobalt high-speed tools are gen- 


erally recommended for machining 
forgings. 
Cemented-carbide cutting tools are 


used for fine feeds and light cuts, with 
surface speeds running as high as 600 
sfpm for very fine finishing cuts. Back 
rake on these tools varies from 6 to 15°, 
while side-rake angles are from 8 to 30°. 
The relief angle around the cutting-edge 
angle is usually 15°, while the side-cut- 
ting-edge angle varies from 5 to 20°. 

For interrupted cuts on lathes, it is 
desirable to use a tool with negative back 
rake as great as 8° in combination with 
10° or more side rake. Some users 
recommend turning tools with 6° side 
rake and 2° negative back rake. Standard 
tools with 12° positive back rake are 
made in common boring tool sizes for 
bars holding the tool at 90, 45, and 30°. 
In larger bores, the cutting edge may be 
leveled off slightly to 8 or 6°, or what- 
ever is necessary to give the desired nega- 
tive back rake with the cut surface of 
the bore. 


table 44 . . CUTTING ANGLES FOR CAST- 
ALLOY TURNING TOOLS* 





Side End- 
cut- cut- Relief 
Back- Side- ting- ting- Angles 





Material rake rake edge edge (Side& 
to Be Cut Angle Angle Angle Angle End) 
Steel: 
Cent. ise. 8 8 10 10 6 
Soft.... 15 15 8-15 15 7 
Medium.... 10 10 8-10 15 6 
Hard....... 6-8 6 8 15 6 





*“Data for Tantung »vroduced by Vascoloy 
Ramet Corporation. 


Carbide-tool 
recommendations 


Types of carbide tools. . Cemented- 
carbide tools are available in several 
forms: brazed toolbits and tools, mechan- 
ically clamped tools, and solid-insert tool- 
holders. 

Brazed tools are used in the greatest 
quantity, because they conveniently re- 
place tools and toolbits made of other 
cutting materials. They may be pur- 
chased completely fabricated in standard 
sizes or made up in the shop, by brazing 
a standard insert into a suitably recessed 
shank. The recess must be flat, but not 
too smooth. Satisfactory shank mate- 
rials are SAE 2340, SAE 9250, any 
straight 0.50 to 0.95% carbon steel, or 
Meehanite cast to shape. It is good prac- 
tice to mill the shank with required clear- 
ance, rake, and cutting-edge angles before 
applying the tip, in order to reduce grind- 
ing afterward. 

Carbide inserts (fiat) can be clamped 
to a recessed toolholder. This type of 
construction is often used for hogging 
cuts on lathes. It is said that less poten- 
tial chance of tool damage is likely, 
because no brazing strains are present 
in the carbide. 

Solid inserts—round, triangular, and 
square in cross-section—are coming into 
wide use for production tooling. The in- 
serts are held in standard toolholders de- 
vised for the purpose. Advantages are: 
setup is undisturbed while new cutting 
positions of tool are selected (there are 
three to six positions on each end of in- 
sert), minimum grinding is required and 
maximum amount of carbide is obtained 
per tool dollar. 

Design of carbide tools. . SIDE- AND 
END-CUTTING-EDGE ANGLES. Cemented 
carbides, as with the cast-alloy tool mate- 
rials, are more likely to fail by chipping 


table 45 .. CUTTING SPEEDS AND DEPTH OF CUT WITH CAST-ALLOY TOOLS* 
Feed—0.025 to 0.035 ipr 





Depth of Cut, In.: 











Material Cut 0.004-1/32 1/32-3/32 1/8-7/32 1/4-3/8 3/8-1/2 1/2-5/8 
Cutting Speed, Sfpm 
Steel: 
SAE 1010-1040 250 220 180 150 125 100 
SAE 1045-1070 , 175 160 140 120 100 75 
SAE 1080-1095 155 140 120 100 75 60 
Free-cutting 300 265 225 180 145 125 
Manganese. . 130 120 100 80 65 50 
SAE 2015-2515 150 140 125 100 80 60 
SAE 3115-3450 135 125 115 100 75 50 
SAE 4130-4820 150 135 125 100 80 60 
SAE 6120-6145 120 115 100 85 75 60 
SAE 52100 125 115 100 85 75 60 
Tool steel. 125 115 100 80 75 50 





Note: When cuts are intermittent, reduce speed 25 to 50%. When coolant is used, speed may be 


increased 25% or more 


*Data for Tantung produced by Vascoloy-Ramet Corporation 
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table 46 . . CUTTING ANGLES FOR CARBIDE TOOLS 





Steel Side Rake 


Back Rake Front Relief Side Relief 





Less than 200 Brinell 
200-275 Brinell 
376-350 Brinell 
351-425 Brinell 

Over 425 Brinell... 


0° to pos 12° 
pos 10° to neg 7° 
pos 6° to neg 7° 
pos 6° to 7° neg 


pos 4° to pos 15° 


6° to 12° 
6° to 10° 
5° to 8° 
4° to 8° 
4° to 6° 


0° to pos 10° 6° to 12° 
0° to pos 6° 6° to 10° 
pos 4° to neg 7° 5° to 8° 
0° to neg 7° 4° to 8° 
0° to 7° neg 4° to 6° 





and breaking than the high-speed steels. 
Their edge strength is dependent upon the 
support given to the cutting edge. If pos- 
sible, the side-cutting-edge angle should 
be great enough to allow the starting load 
to be taken at a point back of the nose, 
which is the weakest part of the tool. For 
most jobs a side-cutting-edge angle of 15° 
will be satisfactory, but irregular work- 
pieces may require tools with this angle 
amounting to 20 to 45°. 

The end-cutting-edge angle, on the 
other hand, should be just great enough 
to avoid dragging on the work. For most 
turning and facing work, an end-cutting- 
edge angle of 8 to 15° will be found 
suitable. 

SIDE AND BACK RaAKEs. Positive side 
and back rakes are suggested for soft 
steels, negative for hard steels (see Table 
46). Interrupted cuts and scaly cuts on 
steels require negative rakes. Side-rake 
and back-rake angles depend on several 
factors: material being cut and its hard- 
ness and cutting characteristics, rigidity of 
tool mounting, and machine condition. 
On side-cutting tools, the side rake is 


the cutting rake and the back rake serves 
as the control angle. Conversely, on end- 
cutting tools, the back rake is the cutting 
rake and side rake may not be required. 

NEGATIVE Rakes. Current usage of 
negative rakes requires explanation of the 
reasons for using them. A negative back 
rake protects the cutting edge. With 
positive-rake tools, chips are formed by 
shearing the metal ahead of the tool. 
Thrust is directed against the cutting 
edge; but, with negative rake, the thrust 
is directed back into the body of the car- 
bide tip. 

Use of negative rake permits harder, 
but more brittle, carbides to be used to 
resist abrasive chip flow over the tool 
face. And this gain in abrasion resist- 
ance allows faster cutting speeds to be 
used. Tool loading is automatically re- 
duced with increase in speed, and a fast- 
flowing thin chip is produced. Eventually, 
of course, the tool face will be cratered 
by chip abrasion and must be reground. 
However, cratering action is retarded by 
the use of the correct grade of carbide. 

Nose radius on a negative-rake tool 


should be of the same proportions as on 
a positive-rake tool, and it should be set 
on or slightly above the center line of 
the work. 

Production runs show that negative- 
rake tools used on rough turning will 
give longer life between grinds if the 
cutting edge and nose are honed to a 45° 
chamfer about 0.005 to 0.010 in. wide. 
Honing removes slight irregularities on 
the cutting edge invisible to the eye and 
avoids a potential source of breakdown. 
Dubbing off the cutting edges of finishing 
tools also helps on interrupted cuts. 

More heat is generated with negative- 
rake turning than with conventional turn- 
ing practice. Consequently, a coolant is 
more often required. A generous flow of 
coolant should be used. 

More power, perhaps 10 to 15%, will 
be required for negative-rake turning, but 
no difficulty should be encountered if the 
machine tool is suitable. 

RELIEF ANGLES. End and side relief 
angles on carbide tools are generally 7°, 
but see Table 46. A clearance of 10° 
keeps the steel shank from touching the 
wheel when the tip is ground. 

Nose Rapius. Recommended nose 
radii are related to the depth of cut: 


Depth of Cut, In. Nose Radius 








table 47 . . SPEEDS, FEEDS AND CARBIDE GRADES FOR AVERAGE WORK ON STEEL 


.005” to 1/32” Cut 
.002” to .008” Feed 


yy Carbide 
F.P.M. 


Grade 
175-325 370 200-400 78B 275-500 350 375-675 350 500-1500 350 
275 78B 325 400 78 550 831 725 831 
125-275 370 150-350 200-400 350 300-500 350 400-1000 350 
225 78B 275 325 78 450 831 800 831 
275-425 37 300-500 375-600 350 475-775 350 600-1600 350 
375 78B 425 500 650 831 825 831 
250-400 370 275-475 350-575 450-750 350 575-1575 350 
350 78B 400 475 625 831 
100-250 370 125-300 150-350 250-450 350 
175 78B 200 250 350 831 
150-300 370 175-375 250-450 350-550 350 400-1200 
225 78B 275 350 450 831 600 
125-275 370 150-350 200-400 300-500 350 400-1000 
200 78B 250 300 400 831 550 
100-250 370 125-300 150-350 250-450 350 300-800 
175 78B 200 250 350 831 475 


5/64” to $/32” Cut 
.010” to .020” Feed 
Speed Carbide 
F.P.M. Grade 


1/64” to 1/16” Cut 
.008” to .012” Feed 
Speed Carbide 
F.P.M. Grade 


3/16” to 3/8” Cut 
.015” to .025” Feed 
Speed Carbide 
F.P.M. Grade 


7/16” to 3/4” Cut 
.020” to .030” Feed 
Speed Carbide 
F.P.M Grade 


Material 
To Be Cut 


Power 
Constant 





C-1010-—C-1025 


s 


C-1030—C-1095 


B-1111—B-1113.. 


C-1106—C-1151 
1320-1340 
2317-2345 
E-2512—E-2517 
3115-3150 


40XX 

41xXxX 

43XX. 100-250 125~300 150-350 250-450 300-800 

46XX 175 200 250 350 475 

48XX 

5045-5152 100-250 125-300 150-350 250-450 300-800 
175 200 250 350 475 

E-50100. 75-250 75-250 100-300 200-400 5 250-750 

E-52100. 125 150 200 300 425 

6120-6152 100-275 100-275 125-325 225-425 : 275-775 

150 175 225 325 : 450 

86xX 

87XX. 

94XX 100-250 125-300 150-350 250-450 300-800 

97XX. 175 200 250 350 475 

98xXX. 
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Chip breakers for carbide tools. . There 
are four basic methods of creating an ob- 
struction to chip flow on single-point, car- 
bide-tipped tools. One of these methods 
is essential to control the shape and the 
length of the chip, particularly when ma- 
chining streels. 

GROUND-IN Step Type. This is the 
type of chip breaker most widely used. 

Angular Type. Forces chips to curl 
away from tool point and clear the 
shoulder of the cut. Chip characteristics 
are controlled by angle, depth, radius, 
and width of step. 

Parallel Type. When stock is eccentric, 
producing irregular depth of cut, a 
parallel ground-in step is most effective. 

GROUND-IN Groove Type. This type 
of chip breaker is extensively used for 
roller turner, or box tools, because the 
well-coiled chip is unlikely to fall be- 
tween the roller and the finished work 
surface. 

NEGATIVE-RAKE-ANGLE Type. Chip con- 
trol can be obtained with negative rake 
angles ranging from 3 to 5°. 

MECHANICAL CHIP’ BREAKERS. A 
clamped-on chip breaker is feasible if the 
tool is large. Precision fit of the contact 
surfaces is required to prevent entrance 
of metal particles between the chip 
breaker and tool. 

Cutting speeds for carbides. . Tables 47 


and 48 give speeds for cutting various 
steels. 

These recommendations are more spe- 
cific than is usually the case for data 
derived from industry. One valuable fea- 
ture is the inclusion of recommendations 
for chip cross-sections (depth of cut and 
feed), instead of the less definite common 
expressions “roughing” and “finishing”; 
for the finishing cut of one industry may 
be the roughing cut of another industry. 

To use Tables 47 and 48 find the steel, 
then read the cutting speed for the se- 
lected depth of cut and feed. Note that 
where the maximum and minimum cut- 
ting speeds are given a recommended 
grade of Carboloy is also given in bold- 
face type. These entries should be used 
in connection with production runs where 
it is feasible to make some adjustments 
in order to obtain the greatest cutting 
efficiency. Entries in light-face type give 
the safe cutting speed under average con- 
ditions and the Carboloy grade. 

Horsepower requirements. . The horse- 
power needed for the cut is found by 
picking the constant for the material 
from Tables 47 and 48 and substituting 
values in this formula: 
where D= depth of cut, in.; F = feed 
per revolution, in.; S —=sfpm; and C = 
power constant. 


table 48 . . SPEEDS, FEEDS AND CARBIDE GRADES FOR ROUGH WORK ON 
HEAVY MACHINES 





= 11/16” to 1” Cut 3/8” to 5/8” Cut 3/16” to 5/16” Cut 
s2 .035” to .055” Feed .025” to .035” Feed .015” to .025” Feed 
Material Z=£ Speed Carbide Speed Carbide Speed Carbide 
To Be Cut 25  F.P.M. Grade F.P.M. Grade F.P.M. Grade 
C-1010—C-1025.... 7 90-150 100-200 125-225 78B 
120 370 150 370 175 350 
C-1030—C-1095 8 60-120 75-150 90-175 78B 
90 370 110 370 135 350 
B-1111—B-1113 6 90-150 100-225 125-300 78B 
120 370 175 370 225 350 
C-1106—C-1151 6 75-125 90-175 100-250 78B 
100 370 150 370 200 350 
1320-1340 9 59-100 60-120 75-150 370 
75 370 90 370 115 350 
2317-2345.... 7 75-125 90-160 100-200 370 
100 370 125 370 135 350 
E-2512—E-2517 9 60-120 75-150 90-175 370 
90 370 110 370 125 350 
3115-3150 & 60-120 75-150 90-175 370 
90 370 100 370 115 350 
40XX... 
41XX.. 
43XX.. a 50-110 60-120 75-150 370 
46XX.. 75 370 90 370 115 350 
48XX... 
5045-5152... 10 50-100 60-120 75-150 370 
75 370 90 370 115 350 
E-50100—E-52100 50-75 60-100 75-135 370 
60 370 75 370 100 350 
6120-6152. 10 50-100 60-120 75-150 370 
75 370 90 370 115 350 
86XX... 
87XX.... 
94XX.... i) 50-110 60-120 75-150 370 
97XX... 75 370 90 370 115 350 
98xX.... 





Carboloy Dept. of General Electric Co. 
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Fig. 13. . Terminology for a single-point 
tool used on precision boring machines 


Add 30% to the calculated horsepower 
to allow for machine friction and dull 
tools. 

Nore: There is some evidence that 
the power required when turning steel 
tends to drop off when speeds of 1000 
sfpm or over are used. 


Precision boring 
with carbides 


Carbide-tipped boring tools (Fig. 13) 
are widely used on steels. Extremely 
fine finishes can be obtained on a produc- 
tion basis. 

Tool design. . Chief variables in design 
of tools are radius, clearance angles, and 
rake angles. Tool radius may be selected 
to produce a specific surface finish. 

Clearance angles vary with the bore 
diameter, the material, and the height of 
tool point above center. Bore clearance 
decreases as the tool is set at increasing 
distance above center. Proper clearance 
must be maintained. Too great an angle 
causes rapid tool wear and chatter; too 
small an angle results in poor finish and 
added friction. 

In establishing a setup, one must con- 
sider the effects of (1) setting tool above 
center upon back-rake and bore-clearance 
angle, and (2) actual end relief to grind 
on tool to provide proper side clearance 
when tool is set at an angle in the quill. 

Cutting fluids. . Use of a cutting fluid 
in precision boring is helpful to maintain 
size control. By its use, the tendency for 
a temperature rise in the work from tool 
friction is greatly reduced. For boring 
steels, the first choice is soluble oil, and 
for a second choice, mineral-oil com- 
pound. Good finish is promoted by re- 
ducing welding of the work material to 
the face of the tool. 
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How to work STEEL. . wrought 


Planing and shaping of steel 


Surfacing operations on steel plates and forgings, welded- 
steel structures (as for machine frames), die blocks, heavy 
rectangular bars, and rail-like pieces are major operations 
in many shops. Some of this work has been taken from 
the planer by the planer-type miller and the horizontal 
boring and milling machine, but the planer always remains 
in demand. 

For a great many jobs in steel, then, the planer is the 
most economical means of surfacing horizontal, vertical 
and diagonal surfaces, plus special jobs like T-slots and 
radii. Remember, though, that the planer is one of the 
most expensive hourly rate general-purpose machines. To 
make a profit, the planer must be modern in respect to 
power and table speeds, and you must apply correctly 
designed tools, and pay a good deal of attention to proper 
work setup. If you follow these steps for steel jobs, you 


Suggestions for table 49. . 


planing steels 


will get good results, just as is possible on castings. 

Shapers are workhorses in general manufacturing 
plants, tool and die rooms, and railroad shops. You can 
take your pick of horizontal push cut or draw cut (used 
mostly in railroad shops) or vertical machines (slotters). 
Keep this in mind: A good many shapers are not operated 
efficiently on steel jobs. The reason is not hard to find. 
Too frequently, people regard shapers as a utility machine 
for run-of-the-mine jobs to be done quickly with a mini- 
mum of setup. So, often the men who run shapers are not 
much concerned with getting the best out of them in terms 
of cutting speed. The same can be said about indifference 
to tool grinds that are best for steel. If you need training 
material a good source is “Suggested Unit Course in 
Shaper Work,” which is available from Delmar Pub- 
lishers, Albany, NY. 


PLANING SPEEDS WITH VARIOUS TOOL MATERIALS* 
CUTTING SPEEDS IN FPM 





Speeds and feeds. . Applicable speeds 
and feeds depend on the size of the work 
and its rigidity, the tool material, how 


Carbide- 


High-speed Cast-alloy 
: To. tipped Tools 


Steel ols Tools 





the work can be clamped to the planer 
table or held in a fixture, and the power 
of the planer motor when heavy cuts are 
taken with several tools. In general, the 
best speed and feed combination will be 
determined by trial and experience. How- 
ever, Table 49 will prove helpful. 

So far as tool materials are concerned, 
experience has shown that: 

For heavy roughing cuts, high-speed 
steel or cast-alloy tipped tools are used. 
Second roughing cuts on such jobs are 
often performed with carbide tools. 

Where the depth of cut is small, par- 
ticularly on small pieces, all cuts may be 
made with carbides. 

A planing speed of 100 fpm minimum 
is required to warrant the extra expense 
of carbide tooling. Depth of cut is the 
most important factor in planing steel; 
hardness is secondary. The advantage of 
carbides is usually obtained by increasing 
the cutting speed, not the feed. A deep 
cut with a light feed is better than a light 
cut and a heavy feed, because the chip 
pressure is distributed over a longer cut- 
ting edge. As depth of cut is increased, 
the work speed is decreased. 


Depth of cut 

Feed... 

Steel: 

190 140 
160 120 
Low machinability ‘a § =i § 115 


Free-cutting 


Average 





*G. A. Gray Co. 


table 50 . . FACTORS FOR CALCULATING HORSEPOWER 


STEEL AND CAST IRON* 





Amount of Feed per Stroke, In 


1/16 3/32 Vg 5/32 3/16 Ya / /16 
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Power requirements. . Horsepower 
consumed in planing is directly propor- 
tional to the cutting speed. Table 50 can 
be used to figure the power under ordi- 
nary conditions, when planing steel. 

Carbide-tool design. . Tools 


For a given cut find the factor for desired depth of cut and feed. Multiply this value by the cut- 
ting speed in sfpm. The result will be the horsepower required to plane cast iron with one head. If 
steel up to 40 points carbon is to be machined, multiply the above result by 2; if steel is above 40 
carbon, muitiply by 24. 


with *Cincinnati Planer Co 
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Fig. 14. . Carbide-tipped planer tool for 
horizontal surfaces of steel workpieces 


brazed-on tips are generally restricted to 
relatively fine cuts and light-duty work 
(Fig. 14). For deep cuts, interrupted cuts, 
and large-area cuts, the clamped-on tool 
is preferred. Rules for grinding carbide 
tools, in reference to Fig. 15, are: 

1. For roughing tools, the included 
cutting-edge angle A should increase with 
material hardness. In fact, on many car- 
bide planing tools, A has been increased 
to. the point where the primary side-rake 
angle B is up to 20° negative for steel. 

2. As mentioned, the primary side- 
rake angle B, shown on land K, should 
be decreased to increase A. Width of 
land K should be slightly greater than 
the feed per stroke. 

3. Secondary side-rake angle B’ should 
be sufficient to allow proper chip flow. 

4. Side-relief angle C is always held to 
a minimum to provide maximum support 
to the cutting edge without rubbing. 

5. End-relief angle D is always held 
to a minimum for the same reasons as at 
C. A 4° end-relief angle is used on the 
tip of the tool shown in Fig. 14 and a 6° 
angle on the shank so that the diamond 
wheel will clear it when grinding the tip. 

6. The end-cutting-edge angle E is 
generally held between 8 and 12° to 
facilitate setting the tool to the work. 

7. Back-rake angle F, as used on the 
majority of roughing tools for steel, 
varies between zero and 20° negative. 
Thus, in entering the work, initial con- 
tact is above point ¥, the weakest part 


A-Included cutting edge angle 
B-Side rake angle (primary) 
B'- Side rake angle (secondary) 
C - Side relief angle 

D-End relief angle 

E-End cutting edge angle 

F -Back rake angle 

6 -Side cutting edge angle 
H-Nose radius 

K-Land width 

X-Point 





B 
+ 


- 















ie 
~~ al 7 Le 


Text gives tool angles 


of the tool. For finishing tools, a 10 to 
15° positive back rake makes possible 
running at faster speed and in many in- 
stances eliminates fine tool chatter. 

8. A large side-cutting-edge angle, or 
lead angle, G of 30 to 40° should be 
used, together with as large a nose radius 
H as possible, particularly on roughing 
tools. A large lead angle thins the chip 
and relieves shock at the weak point X 
by causing initial contact above that 
point. But nose radius H must not be so 
large that chip bow is impeded. A nose 
radius of % in. has been found satisfac- 
tory on tools for roughing steel. 

A selection guide for grades of carbide 
is given in Table 51. 


Shaping data for steels 


Feeds. . A heavy cut with a fine feed is 
preferred to a light cut and a coarse feed, 
in order to produce a good finish. The 
rate of feed is also influenced by the 
angle the cutting edge makes with the 
surface being machined. Chip thickness 
is reduced as the angle is increased. Best 
results in roughing ferrous metals have 
been obtained when the cutting edge of 
the tool assumes an angle of about 20° 
with the work’s surface. Angular ap- 
proach of the cutting edge to the work 
can be obtained in two ways: (1) by the 
preferred method of setting the tool- 








table 51 . . CARBIDE GRADES FOR PLANER TOOLS 
Material and Vascoloy Allegheny 
Operation Carboloy Firthite Kennametal Ramet Ludium 
Steel: T-04 
Rough forgings and bar stock 78-B T-A KM EE CA; 
Semifinishing Td KH or K;3H EM CA; 
Finish over 0.005 in. feed T-16 K;3H E CA: 
Finish under 0.005 in. feed eee Cult 831 T-31 K.H E CA; 
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Fig. 15. . Preferred nomenclature for planer tools for roughing and finishing cuts. 


holder vertically in the toolpost and 
grinding the tool to the desired angle, or 
(2) by changing the position of the tool- 
holder in the toolpost. If the toolholder 
is set so that it points into the cut, the cut 
will be deeper than intended if the tool- 
holder shifts under cutting pressure. 

Toolholders. . Shaper toolholders are 
made in a variety of styles: for example, 
(1) straight-shank, which holds the tool 
parallel with the sides of the holder, and 
(2) bent or offset to the left or right. 
When the tool is held parallel with the 
toolholder shank, the clearances and 
angles are easily determined and ground. 
However, two further methods of hold- 
ing the tool may be encountered: (1) in- 
clined at a slight angle, and (2) inclined 
at a steep angle. If the toolholder angle 
is 15°, most grinding of the top of the 
tool will be eliminated, and only the 
front and side clearance need be ground. 
If the toolholder angle is steep, as some- 
times used with form tools, the most sat- 
isfactory angle is the tool’s front-clear- 
ance angle. Then the tool is ground on 
top and the contour is not changed by 
repeated grinding. 

Tool shapes. . The shape of the tool 
may be curved or flat, or its sides may 
converge to a point, depending on the 
surface being machined. In addition, the 
tool may be offset, or bent, to left or 
right, and may feed in the right-hand or 
left-hand direction. 

Round-nosed tools may be used to 
rough steel, and even to take a finish cut 
if slightly modified. Tool A, (Fig. 16) for 
flat horizontal surfaces, has a side-cutting- 
edge angle of 8°, an end-cutting-edge 
angle of 15°, and a nose radius of %g in. 
On some roughing cuts a side-cutting- 
edge angle of 20° on tool B gives better 
results. If this tool is used for roughing 
out radiuses, for fine cuts, and for other 
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Fig. 16. . Round-nose shaper tools for horizontal surfaces 
Fig. 17. . Shaper tools for vertical surfaces pride 


work where the broad surface created by Fig. 18. . True lip angle is influenced by the side and back rakes 
the large radius induces chatter, tool C 
with a smaller radius is employed. 
When down, or vertical, shaping is 
done, the tool is ground to 85° and a 
small nose radius. The side cutting edge 


Fig. 19. . If the tool is inclined 15° in the holder, the front must be ground at 18° 
to get necessary 3° clearance 


should be parallel with the side of the 
tool, as at A in Fig. 17 or may be offset 
slightly as at B, to give clearance for the 
toolholder. 

Tool angles. . A shaper tool does not 
feed sideways into the work during cut- 
ting. Hence about 4° end and side clear- 
ance will be sufficient. Side rake and 


back rake are more subject to variation. 
Satisfactory results have been obtained 
with these rakes: for steel—side rake of 
10 to 20°, back rake of 2 to 8°. 

The side rake and back rake influence 
the true lip angle on the tool (Fig. 18). If 
the tool has a 3° side clearance and a 15° 
side rake, the lip angle will be 72° (when 


the toolholder holds the tool parallel with 
the shank). 

In the case where the tool is inclined 
15° in the holder, and 3° front clearance 
is required, an 18° clearance must be 
ground on the end of the tool to compen- 
sate for the tool slope and provide the 
required 3° front clearance (Fig. 19). 


Watch your milling setups 


There is nothing static about the technology for milling 
steel. Handbook values for speeds and feeds, as published 
only a few years ago, are obsolete. Why? 

First, our cutting materials are better than we thought, 
and they are being improved. 

Second, where microstructures of steels can be con- 
trolled by heat-treatment for more effective machining, 
the speed and feed rates, also tool life, have gone way up. 

Third, men with a bump of curiosity are always playing 
with tooth angles, cutter construction, flywheels to 
dampen spindle vibration, etc. So we hear of cases like 
SAE 4140 being milled in excess of 1200-fpm. And 
recently, we witnessed tests of a milling cutter chewing 
files into white-hot chips at a phenomenal feed rate. 


Fourth, the postwar crop of new machine-tool designs 
is largely based on giving carbides a run for their money. 

These technological advances are important to you— 
now and in the future, but remember this: Successful 
milling is based on following a definite set of rules. When 
you set up to mill a steel job, you will find that it has 
certain characteristics and limitations. Therefore, that job 
has a practical maximum metal-removal rate. The hard- 
ness of the steel, workpiece characteristics, and the kind 
of setup affect the results you can expect. 

There are ten basic steps in making a milling setup. 
Selection of correct chip thickness is of major importance. 
Increase speeds and feeds of above tabulated safe values 
wherever you can do so for maximum metal removal. 


Ten basic steps in a 
milling setup 

In order of application, the steps (espe- 
cially with carbide) are: 

1. Identify and classify material. 

2. Select surface speed. 

3. Select cutter type and diameter. 

. Determine metal-removal rate of the 
workpiece. 

5. Correlate metal-removal rate with 
horsepower available in the milling ma- 
chine designated for the job. 

6. Establish feed rate from the fore- 
going data. 
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7. Check tooth load. 

8. Specify miliing method (conven- 
tional or climb), holding method or fix- 
ture, chip disposal, etc. 

9. Establish cutter care and grinding 
procedure. 

10. Check surface and tolerance speci- 
fications and their influence on metal- 
removal rate. 


Selection of cutting speed 

The cutting speed for steels will vary 
between wide limits, as determined by the 
work analysis, the cutter material, and 


specific job conditions. See Tables 52 and 
53 for suggested cutting speeds when 
using HSS, carbide, or cast-alloy cutters. 

Tensile strength is one of the properties 
of a work material that has been found to 
give a practical indication of the cutting 
speed to use. For the same steel alloy, 
for example, the tensile strength increases 
with the hardness. Thus, the Brinell hard- 
ness number is frequently taken as an 
indication of the value of the cutting 
speed to select, when milling ferrous ma- 
terials, with the possible exception of 
stainless steels. 
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In milling with carbide-tipped cutters, 
there will be considerable variation in cut- 
ting speed, according to carbide grade. 
cutter design (including rake angles), the 
material, and the nature of the operation. 
In practice, the selected cutting speed may 
have to be adjusted in order to obtain 
satisfactory tool life, good finish of the 
milled surface, and operation of the ma- 
chine with available power. 










Cutter selection 


Cutter diameter. . Where clearance pre- 
sents no limitations, the ratio of cutter 
diameter to face dimension should be ap- 
proximately 5:3, according to one au- 
thority. 

A cutter larger in diameter than the 
largest effective gear in the milling ma- 
chine should not be chosen, because the 
flywheel effect of the cutter will cause 
backlash in the gear train. A cutter that 
can be assembled directly on the machine 
spindle, rather than a setup that requires 
an arbor, is recommended. 

HSS cutters. . The so-called heavy-duty, 
or coarse-tooth cutters allow each tooth 
to take a substantial chip instead of 
skipping over the work. Sometimes, to 
improve performance, every other tooth 
of standard cutters is ground low, in 
order to reduce the number of teeth that 
actually cut. 

Cast nonferrous cutter materials. . Selec- 
tion of the number of teeth closely fol- 
lows that for HSS cutters. 

Carbide cutters. . The maximum number 
of teeth in a carbide cutter is limited pri- 
marily by horsepower available at the 
machine spindle, and secondarily by chip 
space. 

The formula for number of teeth is: 





















K X hp, 
n- ee 


Dxfx WX rpm 





where n=number of teeth; K —ma- 
chinability constant, or K-factor, cu in. 
per min/hp; D=cutter diameter; f= 
feed per tooth, in.; W — width of cut, in.; 
hp, = horsepower available at cutter = 











table 52 .. CUTTING SPEEDS FOR 
STEELS BASED ON HARDNESS 












CUTTER MATERIAL 





Hardness - - 
High-speed Steel 





Sintered Carbides 














Up to 163. 133 615 
163-192... 103 543 
192-—223.. 81 484 
223-255.. 67 438 
255-285.. 55 398 
285-321. 46 367 
321-352 39 340 
352-388 34 318 
388-415. i. 3 300 
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Figs. 20 and 21. . Tooth parts and angles of a plain milling cutter 
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Fig. 22. . Nomenclature for teeth of a side milling cutter 


horsepower input x machine efliciency 
(normally taken as 60%). 

K-factors are given in Table 55. They 
are based on dull cutters, so that no in- 
crease in horsepower for dulling need be 
made. These factors apply when usual 
speeds and rake angles are employed, and 
the feed is 0.010 in. The K-factor varies 
with chip thickness. 

According to the Metal Cutting Insti- 
tute, it is permissible under general con- 
ditions to select carbide cutters on this 
basis: 

For steels: 
n= D +1 for cutters from 1 to 5 in. dia 
n= D +- 2 for cutters trom 6 to 12 in. dia 


Chip thickness per tooth should be 
maintained even at the expense of T, to 
suit the spindle speeds and feeds ayail- 
able. 

Rake angle. . Metals are generally cut 
more efficiently with a positive rake angle 
than with a negative one. 

HSS cutters. . Standard plain cutters are 
made with 10 to 15° rake angle to obtain 
maximum strength for all-around use. 
Commercial face mills usually have posi- 
tive 10° radial and axial rakes for milling 
forged and alloy steel. 

High-rake-angle milling. . In a few re- 
ported vases, HSS cutters with rake 
angles as high as 35° have given superior 






table 53 . . CUTTING SPEEDS AND FEEDS FOR CAST-ALLOY (TANTUNG) 


MILLING CUTTERS 


Cutting Speed, Fpm 


Feed per Tooth, In. 





Material to Be Cut ————_—___—_—_——_—_—_—_—_——__- «SO ——— 
Roughing Finishing Roughing Finishing 
Steel: 
Soft. . 200-300 250-350 0.004—0.015 0 .004—0 .008 
Medium 150-225 175-250 0.004-0.015 0 .002—-0.008 
Hard... 80-125 185-150 0.004—-0 .015 0.002—0 .008 





. 


77 
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Fig. 23. . Standard method of designating the 
shape of a single tooth of a face milling cutter 


ance,” since a secondary clearance is pro- 
vided when resharpening cutters. The 
term “relief” refers to the angle provided 
radially on the sides or face of the cutter 
to reduce or eliminate binding or rubbing. 
Common values of relief are 3 to 5° for 
side mills and face mills and 1 to 2° for 
saws. 

For general-purpose work, milling cut- 
ters from % to 3 in. dia have clearance 
angles of 13 to 5°, respectively. In cut- 
ters over 3 in. dia, manufacturers ordi- 
narily provide a clearance of 4 to 5°. 
Width of land is about 4%, Ye, and 4g in. 
for small, medium, and large cutters, in 
that order. 


Power consumption in milling 
Ratios of metal removal in terms of 
cubic inches per minute per horsepower 
are variously known as the “metal re- 
moval rate” or the “machinability con- 
stant” or the “K-constant.” Thus, the 
relationship can be expressed as 


cu in. per min dxWxF 





hp, hp, 


where hp, = horsepower at spindle; d= 
depth of cut, in.; W = width of cut, in.; 
F = feed rate, ipm. 


Peripheral clearance 


: surface, 


performance, as compared with conven- 
tionally ground cutters, in respect to cut- 
ting speed, tool life, and surface finish 
produced on the workpiece. 

Cast-alloy cutters. . Positive rake angles 
are generally provided (10°). In case of 
shock, however, negative rake angles may 
be used; also to eliminate vibration when 
milling thin sections. 

Carbide cutters. . Peripheral milling cut- 
ters such as slab mills, slotting cutters, 
and saws tipped with carbide usually have 
negative radial rake of —5° for soft 
low-carbon steel to — 10° or more for 
alloy steel, and positive axial rake of 
+5 to +10° (0° in slotting cutters and 
saws). See Table 54 for rake and clear- 
ance angles. 

In face milling of steel, with 0° corner- 
angle cutters, negative radial and axial 
rakes are used. If cutters have a large 
corner angle, a combination of negative 
radial and either positive or negative axial 
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Material 
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CUTTING AND CLEARANCE ANGLES FOR CARBIDE CUTTERS 


eae Angles Clearance Angles, 
eg deg 





rake is employed. Under good setup con- 
ditions, the negative-radial-positive-axial- 
rake combination is preferred. 

Clearance angle. . Chief function of the 
clearance angle is to prevent interference 
between the land and the surface being 


Low-carbon steel. . 

Standard steel... . 

All ferrous materials. . 

All ferrous materials harder than 
300 brinell... .. 


7 OD-0 FCE 15 FR 
7 OD-0 FCE 7 FR 
5 OD-0 FCE 5 FR 


10 PRR-7 NAR 8 PTR 
7 NRR-7 NAR 7 NTR 
10 NRR-7 NAR 8 NTR 


10 NRR-7 NAR 8 NTR 5 OD-0 FCE 5 FR 





generated. The clearance angle is some- 


times referred to as the “primary clear- rake, 
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NOTE: PRR = positive radial rake. 
PTR = positive true rake. 
clearance. FR = face relief, or clearance. “FC 


NRR = negative radial rake. NAR = negative axial 
NTR = negative true rake. OD = outside dia. or peripheral 
= face cutting edge, or dish. 
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The K-constant varies with material 
and its hardness, also the feed per tooth 
and the condition of the cutter. For 
safety in calculation, values of K reported 
below by the Metal Cutting Institute are 
given for dull cutters. All values of K 
apply under average milling conditions, 
that is, suitable cutting speeds and rake 
angles, and a feed of 0.010 in. per tooth. 


table 55 . . K-CONSTANTS FOR MILLING 
Cincinnati Milling K 





Steel: 
100 brinell, . 
150 brinell, . . 
200 brinell. . 
250 brinell. . 
300 brinell. . 
400 brinell. 





Kearney G Trecker 





Steel, soft 0.85 
Steel, medium 0.65 
Steel, hard 0.48 





Milling-machine selection. . A quick ap- 
proximation of the size of milling ma- 
chine required for a given carbide milling 
job is obtained by multiplying the cubic 
inches removed per minute by the K- 
constant, to get the horsepower required 
at the cutter, and then dividing by the 
over-all efficiency of the machine. 

The over-all efficiencies of various sizes 
of milling machines have been reported 
as: 


Rated Hp of Machine Over-all Efficiency, % 





10 
15 
20 
25 
30 
40 
50 





Establish feed rate 

First ascertain the amount of power 
available at the cutter. Then calculate 
the maximum feed rate F in inches per 
minute from the formula 


K X hp, 


dx Ww 


Selecting feed per tooth 

The feed per tooth indicates the amount 
of material removed by each tooth from 
the workpiece, and for a given width and 
depth of cut it is a measure of the load on 
the cutter tooth. In practice, feed per 
tooth must be established in relation to 


(turn to page 80) 


DIAGNOSIS OF MILLING TROUBLES! 


The following suggestions apply to milling cutters and other multiple-point rotating | 
tools. Often more than one of the troubles cited will appear at the same time. In this 
case, careful study of the tool in operation will help to isolate and correct the troubles 
encountered. 


Probable Cause Suggestions for Correction 
BREAKAGE , 

Reduce feed to a point where weakest cross-section 
of tool will withstand the required torque and thrust 

Too many teeth engaged in cut Reduce number of teeth in cutter or strengthen cross- 
at same time section to carry load 

Chip packing ... Reduce number of teeth in cutter or increase chip 

wells by revising tooth shape 

Feeding without uniform rota- On arbor cutters, use well-fitting key extending into 
tion of tool collars on both sides. On shank-type cutters, make 
sure driving mechanism is adequate 

Do not run tool past the time when it needs resharp- 
ening 

Check resharpening methods to make sure that tool 
is not cracked by improper resharpening 


CHIPPING OF CUTTING EDGE 

Reduce feed rate or redesign tooth shape to strengthen 
cutting edge. Possibly use a tougher tool material 

Keep machine tool, arbors, supports, work fixtures, 
etc., in first-class condition. Use an arbor of suffi- 
cient size to overcome torsional vibration 

Do not exceed recommended amounts of relief when 
resharpening 


Excessive feed 


Dull cutter 


Improper resharpening 


Excessive feed 


Excessive vibration . 


Excessive relief 


ROUGH FINISH 

Reduce feed rate 

Increase surface speed but avoid excessive speed 

Do not run tool past the time at which it needs re- 
sharpening 

Change to cutting fluid recommended for finish on 
particular work material 

If conditions warrant, use in-cut or climb milling 


Too high feed rate 
Too low surface speed 
Dull tool .. 


Improper cutting fluid 


Milling against the feed 


CHIP CLOGGING 

Reduce number of teeth or revise shape of tooth to 
provide ample chip room 

Increase pressure of cutting fluid or so direct flow that 
chips are washed out of teeth or flutes 

Make sure that the tool is demagnetized after being 
held on a magnetic chuck 

¥ 


Insufficient chip room . 
Insufficient cutting fluid .. 


Tool magnetized .. 


RUBBING 
Increase concave to avoid rubbing 
Keep workpiece cool or clamp so that it cannot shift 
into cutter i 
Axis of tool out of relation to Check machine tool to make sure that it is properly 
feed travel lined up 


Insufficient concave 
Work closing in on cutter ... 


BURNING OF CUTTING EDGE 

Reduce surface speed to a point at which the tool will 
stand up. Possibly use a tool material of higher red 
hardness ; 

Check hardness of work material to keep it within 
range of machina ility under the operating condi- 
tions 

Increase flow of cutting fluid or improve direction of 
flow to cool cutting edge in the cut. Consider use 
of cutting fluid with better cooling properties 


CRATERING 
Excessive speed or feed or both Reduce speed or feed to eliminate excessive cratering. 
eroding face of tooth Possibly use a more abrasion-resistant tool material 
or apply a case treatment to present tools 
Increase rake angles to reduce friction of chip against 
tooth face 


Excessive speed 


Hard work material 


Inadequate cutting fluid 


Insufficient rake angles 


1Gorham Tool Co. 
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table 56 . . FEEDS FOR STEELS BASED ON HARDNESS nate, we can decrease the number of teeth 
Type of Milling Cutter n in the cutter. A considerable amount 
he res dagen of milling is currently being done with 

Slotting and End Form J 
Side Mills Mills Cutters coarse-pitch cutters, many of them made 
in the shop by brazing teeth to cast cutter 


bodies. 


Cutter “Face 
Material Mills 


Brineli 


Hi 
Hordness ve 





Up to192 HSS.. 
Carbides 
HSS 


.010 0.008 
-012 ee 
.008 0.007 


006 
008 
005 


005 .003 
.007 004 
004 .003 
.007 .004 


Maximum chip thickness 
It is common practice to use a rule of 


192-233 


223-285 HSS 


Carbides. . 
HSS 
Carbides. 


-O11 
285-415 


.006 0.005 
.004 


0 

0 

ats 0 
Carbides. . 0.012 

0 

0 

0 
0.010 


004 
007 
003 
006 


.006 .004 
.002 
005 003 


0.003 


coooocococ o 
coo coo oco & 





type of cutter, the materials in work and 
cutter, rigidity of the workpiece, rigidity 
of machine and fixture, and power avail- 
able. The range of values given in Table 
56 must be scaled down where the depth 
of cut is great, the overhang is consider- 
able, and the cutter or work is fragile. 
However, from the standpoints of pro- 
duction efficiency and freedom from 
chatter, the feed per tooth should be as 
great as possible. 

Proper cutter design and correct tooth 
angle will permit increasing the feed per 
tooth over the values cited in Table 56. 
But under average operating conditions, 
and especially when taking finishing cuts, 
the values selected are usually lower than 
those listed—often being one-third to 
one-half as much. 

Feed per tooth for cutters with cast 
nonferrous teeth is the same as for car- 
bide cutters. 


Check tooth load 

In setting up a milling operation, espe- 
cially when milling with carbide, it is 
essential to check the tooth load, also 
called the chip load or chip thickness. 
Operation above or below recognized chip 
loads is not good for the cutter and can 
be wasteful practice. 


F 


The feed per tooth f in inches = ———— 
NXn 
where F = feed rate, in. per min; N = 
cutter rpm; and m—number of cutter 
teeth. 

There are several ways of raising the 
chip load to an appropriate value. From 
inspection of the above equation, we see 
that F can be increased, which will then 
raise f. To raise the feed rate, we must 
decrease the depth of cut. As an alter- 


003 002 thumb for feed or to compute the feed 


per tooth. The latter is correct only 
when the radius of the cutter equals the 
depth of cut. A more suitable term is 
“basic table advance per tooth.” 

The maximum chip thickness (at the 
point where the tooth leaves the work) is: 

Max chip = approach basic advance 
per tooth — cutter radius 

Approach = \ d(D — a) 
where D = diameter of cutter and d= 
depth of cut. 


Excessive cycle times 


In plants where shopmen are allowed 
to use their discretion, or methods engi- 
neers assume a certain feed rate, or 
“basic table advance per tooth,” the 
actual maximum chip thickness will vary 
from 0.0002 to 0.007 in. for operations 
on identical material. Cycle times under 
these conditions are usually excessive. 
By using the actual maximum chip thick- 
ness, and adjusting the spindle speed and 
table feed, the cutting speeds will be in- 
creased and the milling time reduced, 
often as much as 50%. 


Broaching widely used on steel 


Broaching in all its forms—internal, external and sur- 
face—is widely employed on steel parts, many of them 
forgings, because of the economy of the process. Usually 
only a single cut is required, and subsequent finishing 
Operations are not needed. A number of elements of a 
surface can be cut simultaneously, if they are parallel to 
the broach axis, and there are no obstructions in the path 


Applications 


Broaching is firmly established as a 
mass-production process for steel parts, 
but is used also for short-run jobs. Some 
broaching machines are specially built to 
machine one product, others permit rapid 
changes of broaches and work-holding 
fixtures for a variety of pieces in small 
lots. And, of course, there are simple ma- 
chines for occasional keyway-cutting jobs 
and the like. 


Broaching is economical because only 
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of the broach. 


a single cut is usually required, and sub- 
sequent finishing operations are not 
needed. The process is also economical 
because of the number of elements of a 
surface, external or internal, that can be 
cut simultaneously. Only limitations are: 
all elements of a broached surface must 
be parallel with the broach axis; there 
must be no obstructions in the plane of 
the broached surface; and depth of cut 
is governed by the stroke and tonnage of 
the machine. 

When the hroach is pulled or pushed 


So you will find broaching widely em- 
ployed both for mass-production parts and for short-run 
parts. Machines are built for both categories of work. 
Broach design is normally the job of specialists. Each 
tooth in the broach removes from 0.007 to 0.001 in. in 
a chip of uniform thickness, according to whether cutting 
is done by the roughing, semi-finishing or finishing teeth. 


through or over the work, each tooth re- 
moves a chip of uniform thickness, in 
contrast to a milling cutter tooth, which 
removes a wedge-shaped chip. The chip 
thickness normally ranges from 0.007 to 
0.001 in., depending on whether cutting 
is being done by the roughing, semi-fin- 
ishing, or finishing teeth. Usually one 
pass completes the hole or surface. 
Kinds of broaches. A pull broach cuts 
when it is pulled through a hole or over 
a surface. A push broach cuts when it is 
pushed through a hole or over a surface. 
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Root diameter - - 





‘Pull end 





Front pilot - - - ~ ¢ 


Follow-rest grip, 


Semi-finishing teeth - 
~--Roughing teeth 


‘Finishing 
teeth 


Fig. 24. . Typical internal broach of the pull type 


Broach classification: 

1. Method of operation—pull or push. 

2. Type of operation—internal or ex- 
ternal. 

3. Construction—solid or built-up. 

4. Function—keyway, surface, round 
hole, serration, combination round and 
spline, spline, helical spline, rifling, and 
burnishing. In helical spline cutting and 
rifling, the broach may be rotated by a 
special head, lead bar, and puller adapter. 


Broach design 


Pitch of teeth. Pitch, or spacing, of 
teeth (Fig. 25) affects chip space and 
strength of the tooth and controls the 
number of teeth in contact with the work 
and alignment while in the cut. Pitch is 
determined by length of cut, chip thick- 
ness, and material being broached. Ade- 
quate chip space is necessary for steel as 
cast-iron chips crumble while steel chips 
curl up and need more room. 

The Broaching Tool Institute suggest 
the formula: 

Pitch—0.35Vlength of cut 

For successful broaching, at least two 
teeth should always be engaged with the 
work, and three is better. This holds 
true for both horizontal and vertical 
broaching. It is better to reduce the chip 
per tooth than to use too few teeth, 
where the power of the broaching ma- 
chine is limited. 

Differential tooth spacing. If a broach 
vibrates and leaves tooth marks on the 
work it may be advisable to vary the 
tooth spacing in groups of two or three 
teeth. This prevents chatter in internal 
broaching. On surface broaching, chatter 
may be caused by contact with more than 
one surface at once. 

Gullet dimensions. Gullets between 
teeth should be round at the bottom and 
have an area ten times the cross-sectional 
area of the chip for steel. If a spiral chip, 
as from steel, curls into too small a whip 
space, added resistance dulls the broach, 
causes rough work surfaces, and may 
break teeth and overload machine. 

Cut per tooth. The size of chip re- 
moved per tooth depends upon stage of 
the operation—whether roughing, semi- 
finishing, or finishing. Roughing teeth on 
broaches for steel should be designed to 


remove narrow thick chips by use of 
chip breakers. Such chips are easily re- 
moved. 

STEELS. In general, the chips removed 
in roughing steel should be from 0.005 to 
0.010 in. thick. The semifinishing section 
removes chips about 0.005 in. thick; the 
finishing section takes chips about 0.0005 
to 0.002 in. thick. 

For free cutting steel use a cut per 
tooth of 0.004 to 0.006 in. on dia for 
splines and 0.0015 to 0.003 in. on dia 
for round holes. For keyway and surface 
broaching use 0.003 to 0.006 in. per 
tooth. 


NICKEL-ALLOY STEELS. For broaching 
spline holes, cut per tooth can be 0.004 
in. on dia for splines, 0.002 in. on dia 
for round broaches, 0.004 in. for key- 
way and surface broaches. Shear angles 
may be 5 to 20°. 

Face angle varies between 8 and 20°, 
decreasing witb hardness. Back-off or 
rake angle varies between 12 and 2° for 
internal broaches, up to 3%° for surface 
broaches. 


NITRIDING STEELS. If treated to obtain 
correct machinability, these steels may 
be broached with tools used for other 
alloy steels, but broaching speed may 
have to be reduced to improve finish and 
increase broach life. For internal broach- 
ing, a cut per tooth of 0.004 to 0.005 in. 
is recommended. On surface broaching 
the cut may vary from 0.0025 to 0.0035 
in., depending on length, shape, and size 
of part. 

Face and back-off angles. See Table 57. 
The back-off angle is frequently varied 
from a maximum at the starting end of 
the broach to %° at the finishing end. 

Land. Strength of a broach tooth de- 
pends on the land, which must be greater 
for heavy than for light cuts. The teeth 
are backed off clear to the edge for 
roughing cuts, varying from % to 3° 
for internal broaches and up to 3%° 
for surface broaches. 


Maintenance of size is helped by not 
backing off the entire length of the land 
on the finishing teeth, increasing the 
straight land from ihe first finishing 
tooth. This helps to give longer life to 
the broach. Too much straight land in- 
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Fig. 25. . Broach nomenclature 


creases friction, which may expand the 
work and gall, or abrade, the finished 
surface. 

Shear angle. A shear angle can be used 
on a surface broach to give better finish 
and eliminate vibration. For steel forg- 
ings use a shear angle of about 10° to 
15°. In slotting, however, a shear cut 
forces the chips against one side to 
roughen the surface. 

Chip breakers. Tools that broach tough 
material and form wide chips should 
have chip breakers. These are nicks on 
the roughing-section teeth but are sel- 
dom used on the semifinishing section 
and never on the finishing section of the 
broach. Chip breakers produce grooves 
that must be. removed by succeeding 
teeth. 


table 57 .. FACE AND BACK-OFF ANGLES 
(Cylindrical and Surface Broaches) 
Face, or Hook, Angle 


Material Broached Degrees 





8 to 12 
15 to 20 


Hard steel... . 
Soft steel... 


Back-off Angle 

Steel: 

Roughing teeth 

Finishing teeth. 
Spline broaches: 

Roughing teeth. 

Finishing teeth 
Surface broaches 


table 58 .. CUTTING FLUIDS FOR 
BROACHING VARIOUS STEELS 





Material Cutting Fluids* 





10-20 W+1 SO 
SM-SML 
. )M+(10-15)L 
\LM 
10-15 W +1 SO 
Medium-carbon and tough low- ]SM-SML 
alloy steel... ce ee- sees (M+C10-20)L 
LM 
5-10 W+1 SO 
High-carbon high-alloy steels ry 
| M+(10-20) L 
LM 


Low-carbon and free-cutting 
is an hencs 





*Cutting fluids: 

W =water 

K =kerosene 

M =mineral oil 

LM =straight mineral oil 

SM =sulfurized mineral oil 

SML =sulfurized mineral lard oil 
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Drilling and reaming require care 


Much drilling and reaming of carbon and alloy steels is 
done without proper selection and grinding of the tools 
and with little thought about the conditions of use. The 
cost per hole is therefore frequently higher than it should 
be. Under job-shop conditions, it probably does not mat- 
ter much if size and length are the only criteria consid- 
ered. But where any large number of holes are made 
repetitively, it will pay to look thoroughly into how best 
to drill and ream the various steels used in your shop. 


for fastening purposes, or (2) as the starting point for 
tapping or to make an accurate hole by reaming, broach- 
ing, boring or grinding. In either case, the cost of making 
that hole is important if a production setup is involved. 

A reamer, on the other hand, enlarges a previously 
drilled or punched hole to the desired size. Here, we get 
into the question of fits. Reaming is the cheapest method 
of working to the standard-hole system if conditions are 
right. To get good results on steels, however, the speeds 


A drilled hole has two uses: (1) as a clearance hole 


Factors in drilling 


Much drilling can be done satisfacto- 
rily with the standard point angle of 
118°. Where quantities of holes must be 
produced, however, refinements in prac- 
tice are desirable. Factors that bear 
watching are: (1) machine sharpening 
that achieves good geometry of the drill 
point, such as cutting edges of the same 
length and at equal angles with the drill 
axis; (2) point angle, lip clearance, and 
web thickness related to the material be- 
ing drilled; (3) proper support in a close- 
fitting drill bushing of suitable length; 
and (4) machine, chuck or driver, and fix- 
ture in good condition. 


Drill specification 


Drill sizes. . Three designations are 
currently used for English-measure drills: 
numbers—No. 80 to No. 1 (0.0135 to 
0.228 in.), letters—A to Z (0.234 to 0.413 
in.), and fractions—%4 to 3% in. 

Drills for reamed holes. . The user 
should specify drills to give desired ream- 
ing allowance. Normally Y%,4 in. is suffi- 
cient for reaming and is supplied by some 
makers when the size is not specified. 

Drills for bolt clearance holes. . Clear- 
ance between bolt body or threads and 
the work varies with the nature of the 
work: 14 in. is considered fine, Yo in. 
moderate, and 4, in. coarse or heavy. 
Drills should be specified to the clearance 
desired by adding it to the nominal size. 
A % in. clearance drill should be ordered 
414, 2140, or 4g in., depending on the 
grade of work. 

Drills for tapped holes. . Thcre are 
few cases in which it is advisable to use 
a tap drill small enough to give a com- 
pletely full thread in the tapped hole. A 
full-depth thread takes three times the 
power needed to tap a 75% depth thread 
and is only 5% stronger. A nut with 
50%, or half-depth, thread, will break 
the bolt before the thread will strip. The 


82 


tougher and harder the material or the 
deeper the threaded hole, the less the 
thread depth can safely be. Good manu- 
facturing practice uses from 62 to 75% 
of thread depth and never more than 
8314%. 

Deep-hole and gun drills. . Special, 
thick-web twist drills (Fig. 27) are em- 
ployed for deep-hole drilling, as in oil 
holes for crankshafts. But deep holes of 
¥% in. and larger are often drilled with 
single- and two-lip gun drills. Made of 
high-speed steel (HSS) or tipped with car- 
bide, these drills are normally held sta- 
tionary while the work revolves, in an 


Neck length ~~~ >~ 


Y 


Shank | ‘ 
diameter Axis 
gece 








-----Shank length ---->| ~- 


<_< — 


and feeds must be properly selected. 


effort to get the hole to follow the axis of 
rotation. However, sometimes both work 
and tool are caused to revolve. 


Carbide drills 


No definite standards for carbide drills 
have been established, but most large 
drill manufacturers now furnish carbide 
drills. 

Types of carbide drills (solid and 
tipped) which have been used to drill 
low-carbon free-machining steels such as 
SAE 1020, SAE 1113, and X1112 are 
shown in Fig. 28. 


Lip relief angle --~-- 


Rake or helix angle ~~. 


---- Flute length ---- 
------==== Body length ----- 


Straight-shank twist drill with neck 








Straight 
shank 





Fig. 26. . Terminology for straight- 
shank and taper shank twist drills. 
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Chisel point must be 
exactly on ¢ of drill. 


\ 
faces A must be \\ 
concentric with \\ 
OD. within 0001" 





‘Polish face of two flutes for 
free movement of chips 





Fig. 27. . Drills for deep holes: A—twist drill with thick web; B—single-lip drill with oil hole; 
C—larger drill with stepped cutting edge, and D—two-lipped gun drill with nicked cutting 


Note - One tip u 
| : = fo center 
ae "i 


Outer edge of lips 
‘corbide tipped ,- 
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Fig. 28. . Three forms of carbide twist drills; 
A—one carbide lip cuts to center; B— chisel 
point is HSS, and C—solid carbide drill 


table 59 . . DRILLING SPEEDS FOR 
VARIOUS MATERIALS 





cone Speed, 
Material to Be Drilled pm 





ces to break up chi et ree Ae eae 

Steel, tool (1.2 C) 50-60 

Carbide drills should be run about successfully in production drilling, where reo oe ; ri 

three times faster than HSS drills. Feed the tool is guided by a bushing. Shes, teslatean, tote machining . 60-70 

per revolution should be from 0.004 to Lip clearance. . Experience shows that Steel, stainless, hard. . 30-40 
0.010 ipr, depending on drill size. Less 12° is the best angle of lip clearance, at Steel, manganese *s 1S 


than 0.004 in. usually causes rapid cut- 
ting-edge wear with a build-up on car- 
bide. 

It is preferable to spot-drill first when 
drilling steel. “Oil-hole” type drills (such 
as the “all-depth” drills) should be used 
for holes % in. dia and larger. 

Best results with all-depth carbide 
drills have been obtained on gun drilling 
machines, in the feed range of 0.0006 to 
0.0036 ipr and speeds of 130 to 350 fpm, 


the periphery of the drill, for general ap- 
plications. This angle should be increased 
gradually as the center of the drill is ap- 
proached; and, when the point is cor- 
rectly ground, the line across the center 
of the web stands at an angle of ap- 
proximately 135° with the cutting edges. 
Failure to give sufficient angle of lip 
clearance at the center of the drill is the 
principal cause of splitting drills up the 
web. 





Note: Except as noted, speeds given above are 
for high-speed-steel drills. Carbon-steel drills 
should be run at from 40 to 50% of those for 
high-speed-steel drills. These speeds are given 
as starting points; the best speed in each case 
must be based on the prevailing conditions, 
material, setup, etc. 


table 60 . . SUGGESTED FEEDS FOR 
VARIOUS SIZES OF DRILLS 


Dia of Drill, In. 





Feed, Ipr 





when drilling steel. Actually, in some Lip shape. . In order to break up chips, peynsg ; Mee ot aes 
. ° ° . WD Fhecs «>We 0 ‘ 

cases, speeds as high as 1200 fpm have it is sometimes necessary to alter the tow. 0,004.40 6,007 

been attained. shape of the lips by grinding their faces. \% to l..... 0.007 to 0.015 


Drill grinding 

Fully 95% of drilling troubles can be 
traced to improper grinding of the point. 
The point must have (1) both lips of same 
length and at the same angle to the drill 
axis, (2) correct lip clearance and (3) cor- 
rect angle between the lips and the chisel 


If it is desired to curl the chips more, this 
can be done by grinding more rake off on 
the faces of the lips. By decreasing the 





Note: It is best to start with a moderate speed 
and feed, increasing either one, or both, after 
observing the action and condition of the drill 


table 61 . . SPEEDS AND FEEDS FOR HIGH-SPEED DRILLS! 































Drop Forgings, 
Molybdenum Alloy Stee’ 





edge. Drill 























Drill-point angles. . Standard drills — one vores yomy ters ‘inet sais 
have points with an included angle of 
118°. Some materials are drilled more vont Speed Feed Speed Feed Speed 
easily if this angle is varied. See Fig. 29 6 002 to .003 3650 to 4550 .002 to .003 2750 to 3650 .002 to .003 4275 to 5500 
and Table 62 sii 002 to .003 1800 to 2250 .002 to .003 1375 t01800 .002 to .003 2100 to 2800 
= io oe Pegi \4 003 to .004 925 to1150 .003 to .004 700t0900  .003 to .005 1050 to 1375 
The drill points shown in Fig. 29 are 6. 004 to .006 600 to 750 004 to .005 450 to 600 005 to .007 700 to 925 
recommended by the Chicago-Latrobe “4 006 to .009 450to575 .005to.006 350t0450 .006to.010 525 to 700 
Twist Drill Works for these purposes: **% 008 to .012 350to450 .007 to 010 275to375 010 to 014 425 to 550 
A-xCrankshaft and deep-hole drilli ( 008 to .012 300to375 .007to 010 225to300 .010to.014 350 to 450 
eR ee Sas Cpe Sree: ‘ 010 to .014  260t0325 .009to.012 180to250 .014to.016 300 to 400 
B—Manganese steel and hard mate- 1 ..010 to .014 225 to 280 .009to 012 150to200 .014to .016 265 to 340 












rials. 

C—Heat-treated steels and drop forg- These feeds and speeds are recommended for average working conditions and materials, and may 
‘ : be increased or decreased according to conditions. Coolant should be used liberally. Don’t let drills 
ings. run too long, keep them sharp to get longer life and more holes per drill. 






Points as blunt at 170° have been used IChicago-Latrobe Twist Drill Works. 
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table 62 . . DRILL-POINT ANGLES FOR VARIOUS MATERIALS 





Point 


Material to Be Drilled haate ais ase 





Conventional drills (av conditions and av ma- 

terials shop). mye ; 118 12-15 125-135 
Conventional drills (av conditions, hard materials) 118 6-9 115-125 
Steel, soft, low-carbon.... .. ana 118 12-15 125-135 
Steel, forged, annealed. ‘ ‘ 118-125 12-15 125-135 
PT ORES ro ab 118 12-15 125-135 
Steel, alloy forged (crankshafts). . . . 118-140 9 and 55 100 
Steel, manganese (7—-13% manganese)... 150 115-125 
Steel, high-speed. . 135 115-125 
Steel, nickel (up to 200 brinell). .. 118 115-125 
Steel, nickel (about 250 brinell). . 130-140 115-125 
Steel, nickel (about 300 brinell). . 130 115-125 
Steel, nickel (about 350 brinell). . 130-150 115-125 
Steel, nickel (about 400 brinell). . . 150 115-125 
Steel, nitriding (about 250 brinell). 130-140 115-125 
Steel, nitriding (free machining). . . 118 125-135 
Steel, stainless. . .. ue bércoaes . See 115-125 





Fig. 29. . Drill points for various steels Note: In general, the helix angle for conventional drills varies with the diameter of the drill. 
*Lips flattened to reduce rake angle. 

rake, the chips will tend to break up in 

smaller pieces. 

Web thinning. . The central web of the i _ Chamfer Margin>\\« 
drill increases in thickness toward the Chamber " i length a) air u 
shank. This decreases chip clearance and angle = 
tends to build up end pressure. Hence, ‘ d\\--Margin 
the point is thinned as the drill is ground \\ 
back. This is required usually when the 
web thickness exceeds one-eighth of the 


_Chamfer 
relief 














i 
' 
} ' ! 

drill diameter. 
< Actual 
Estimating speeds and feeds. . Feeds 7 
é 








Chamfer relief size |) Single clearance 


are 1e > > t ; © - ° . 
are governed by the use of the drill and angle showing margin 





the material drilled. The general rule is 6 

to use a feed of 0.001 to 0.002 ipr for a —. 
drills smaller than % in.; 0.002 to 0.004 io A ia Primary 
ipr for drills % to %4 in.; 0.004 to 0.007 Point or cutting edge ~. 
ipr for drills % to % in.; 0.007 to 0.015 Straight flutes Rake angle and 
ipr for drills % to 1 in; and 0.015 to Shown right hand 
0.025 ipr for drills larger than 1 in. Alloy rotation shown 


and hard steels should generally be MACHINE REAMER POINT Ps 

drilled at a lighter feed than given above. 

Tables 59 and 61 give speeds and feeds Land width -> 4 es 

for drilling steels. Starting ef - Relief Double clearance 
Drilling carbon-steel sheet. . In the f call Margin --—> =~ Heel 

drilling of 4¢- to %e-in. holes in carbon oy se Cistting | / (Relief Margin =< 

sheet steel, high-speed drills, designed Sa ae : i angle 

with a shorter helix and heavier web than ee E 

used on a regular drill, are recommended 

to avoid breakage. Point angle for small \ 

drills can be 118° with 10 to 12° lip ' ; — . | 


clearance. / , 
In the drilling of large holes, point 2d ge 
+ 


angles of 135 to 160° are recommended Civeular or 
to prevent causing a burr on the back . eccentric 
side. Some drill manufacturers recom- \-Break corner clearance 
mend thinning the web on large drills for Helical flutes Radial face (O°rake) 
sheet-metal work, to reduce the pressure Left hand and right hand 
needed to force the drill through the helix shown rotation shown + Land-—~ * 
work. In eoeen to curtail hogging in HAND REAMER POINT 
when breaking through, grind a flat along | \ 
the cutting edge at the drill point, thus ] 
reducing the rake angle. | ; 

It is often difficult to drill a round hole | 
in sheet steel. This can be partially or hy cans) 
entirely eliminated by using a modified Fig. 30. . Machine reamers have — nee 
spur or pilot point, which should be ex- 40° or 50° cutting ends or points, Sharp clearance No clearance, 


actly in the center. With such drills, the hand reamers have more tapered no margin,used wide land or 


web at the point should be thinned to a a ae or a on taper reamers margin. Rose 
about half the regular thickness. Another relief reamer style 














) 


Secondary 
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method for drilling round holes and 
eliminating burrs is use of a combination 
drill having two diameters. The larger 
diameter tends to remove any burr which 
the small diameter may cause, without 
creating any of its own. 

Drilling speeds in low-carbon sheet 
steel range from 60 to 100 sfpm. Soluble 
oil is the most generally recommended 
lubricant. 


Machine and hand reamers 


Reamer clearances. . A reamer without 
clearance cannot cut, because its cutting 
edges cannot get under the surface of the 
metal to lift a chip. Therefore, three 
kinds of clearance are required on 
reamers: 

1. . “Point” clearance, or chamfer re- 
lief, on the entering ends of the teeth, 
Fig. 1. 

The entering edges of chucking ream- 
ers are usually beveled at 40° to 50°. 
This cone shape helps to keep the reamer 
sharp and to center it in the work. Fluted 
chucking reamers intended for very ac- 
curate, smooth holes will have a second 
slight bevel that acts like the taper on a 
hand reamer. 

Hand reamers have a point or cutting 
edge that is much longer than that on 
machine reamers, usually tapered about 
0.015 in. per in., to allow a scraping cut 
and production of a smooth hole. Taper 
edges are ground sharp with clearance. 
A bevel of about 45° is put at the end of 
the tapering point to aid in entering the 


hole, but there should be so little stock 
left in the hole that this bevel does not 
cut. 

2. . ‘‘Radial relief”, or clearance, along 
the lands or peripheral part of the reamer. 
Side clearance, or relief, is necessary for 
accurate reaming, but a slight margin 
must be left to aid the tool to maintain 
correct size and be sharpened without 
losing size. Wear on the margin cannot 
be prevented, and hence commercial 
reamers are usually made a few tenths 
oversize. 

The standard tolerances are: 

Up to % in., inclusive 

+ 0.0001 to 0.0004 in. 
Y% to 1 in. inclusive 

+ 0.0001 to 0.0005 in. 
Over 1 in. 

+ 0.0002 to 0.0006 in. 

3. . “Longitudinal relief’ or “back 
taper” of about 0.0001 in., making the 
reamer smaller toward the shank, to pre- 
vent the back end from enlarging the 
hole, or roughening the finish. 

Rake angles. . The “axial-rake” angle 
is the same as the “helix angle.” The 
“radial-rake” angle is the angle between 
the face of the flute and a radial line 
drawn to edge of the margin. 

The best rake angle for each material, 
speed, feed, and machine-operating con- 
dition is a matter of trial and experiment. 
In special cases, the rake of the point 
cutting edges may be varied for different 
materials and cutting conditions, if great 
care is used in grinding. 

Prevention of chatter. . Some people 
hold the opinion that a reamer with an 


table 63 . . REAMING SPEEDS FOR 
VARIOUS STEELS 





Cutting Speed 
Steel feo 





Steel, machinery, 0.2 to 0.3 C.... 50-70 
Steel, annealed, 0.4 to0.5C.... 40-50 
35-40 
35-40 
35-40 
Steel, alloy, 300-400 Brinell...... 20-30 
Steel, Free-machining stainless 40-50 
Steel, hard stainless...... oP 20-30 





even number of flutes will chatter more 
than a tool with an odd number. This 
is a fallacy, especially when the reamer 
has more than four flutes. 

Chatter may sometimes be eliminated by 
reducing the clearance. 

Reaming Feeds. . In reaming, feeds are 
usually much higher than those employed 
for drilling, often being 200 to 300% 
greater. Too low a feed may result in 
excessive reamer wear. At all times, the 
feed must be high enough so that the 
tool cuts, rather than rubs or burnishes. 
A good starting point is between 0.0015 
and 0.004 in. feed per flute per revolution. 
Try to find the highest feed that will 
produce the required finish and accuracy. 

Reaming Speeds. . Most machine ream- 
ing is done at two-ihirds the drilling speed 
for a given material. If the speed is too 
low, productivity of the reamer is ad- 
versely affected with no particular gain 
in tool life. But if the speed is too high, 
premature dulling, rough holes and 
chatter may result. Suggested reaming 
speeds for steels are given in Table 63. 


Threading and Tapping of steel 


Most threads, external or internal, are produced with 
cutting tools. And most of these cutting tools operate 
under adverse conditions. Chasers, dies and taps are in 
reality single-point tools multiplied a number of times, 
so that the work can be threaded or tapped in one pass. 
This situation “locks up” the tool in the work. Tool 
geometry must be correct; the tool must be selected 
properly in the first place; the machine must be in good 
condition; setup conditions must favor proper operation 
without the adverse effects of misalignment and lack of 
rigidity, and finally the threading or tapping speed must 


be suitable for the work material to be threaded. 

In the case of steels, tap flute space is very important 
because long stringy chips will pack in confined flutes 
and break the tool. 

Good tool life, in either threading or tapping, is there- 
fore dependent upon observing many details. Not least 
are limitations that may be avoided at the product-design 
stage. A short chamfer, for example, increases the 
chances of chaser breakage. A blind hole, or too much 
thread engagement, increases the likelihood of tap 
breakage. 


Thread chasing. . This method of pro- 
ducing threads is most common because 
of the facility with which dieheads and 
dies may be mounted on screw machines, 
turret lathes, threading machines, drill- 
presses, etc. Table 64 gives threading 


speeds on steels, using HSS chasers. Note. 
however, that carbide-tipped chasers have 
come into the picture, and have been 
reported as cutting X1315 at 2000 rpm 
spindle speed, or a cutting speed of 400 
fpm, about 15 times as fast, say, as 
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HSS cutters. Tangent chasers were used. 
Coolant used for diehead threading of 
mild and alloy steel, also forgings, by a 
prominent electrical manufacturer, is 
20% lard oil and balance sulfurized oil. 
Grinds and coolants suggested for 
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radial diehead 
Table 65. 

Types of chasers. Three styles of 
chasers are used in dieheads: radial, 
tangential and circular. 

Radial chasers are most suitable when 
large-diameter thread capacity is needed 
within a fixed OD of diehead. Also, 
many large-diameter, coarse-pitch threads 
having a steep helix must be cut with 
radial chasers. Radial chasers are pro- 
vided in two forms: milled or ground 
thread, and tapped or hobbed thread. 

Advantages of the radial chaser are: 
Chasers can be supported more rigidly, 
can be wider to allow a longer chamfer 
and still have a number of full guiding 
teeth, more chasers can be placed in a 
fixed OD of head, and the head is adap- 
table to rough and finish cuts. Right- or 
left-hand chasers can be used in the same 
head without changes or adapters. 

Radial chasers, however, are short 
lived. They are also inherently difficult 
to resharpen. Breakage is a problem 
in that a break in one chaser is likely 
to ruin the whole set. In _ close-to- 
shoulder threading the diehead must be 
repositioned for correct thread length 
each time the chasers are resharpened 
in the chamfer. 

Poor thread form may be caused by a 


chasers are given in 


number of conditions: 

1. Misalignment 

2. Worn tools 

3. Worn chaser keys (in certain heads 
only) 

4. An inexperienced operator may 
force the turret faster than the lead of 
the thread or allow the turret to drag 

5. Improper camming on automatic 
machines 

6. Wrong grind on chasers 

7. Insufficient bearing 

8. Shaving resulting in imperfect 
threads is often called poor thread form. 
Shaving means that not all the chasers 
in a set are tracking properly. 

Tangent chasers are available in two 
kinds. One has the thread helix in the 
chaser and is mounted straight in the 
diehead. The other has a straight thread 
on the chaser, hence must be mounted 
in the diehead at the proper helix angle. 
The chaser without helix is more difficult 
to set for cutting bearing and spacing. 

It is possible to replace individual 
chasers with the tangent chaser without 
helix, and they can be used for cutting 
left- or right-hand threads. Tangent 
chasers with helix must be reground and 
replaced as a set. For left-hand threads, 
left-hand chasers and holders are re- 
quired. 

Tangent chasers are longer-lived than 
radial chasers, but they are not as well 
suited for the coarser of coarse threads. 
It is essential to troublefree working of a 
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. . wrought 


die using tangent chasers with helix that 
a positive method of checking grinding 
and setting of the chasers be provided. 
Threading close to a shoulder. . Prod- 
uct designs that require threading close to 
a shoulder should be avoided. Designing 
short necks, without regard to the need 
for them or for the pitch of the thread, 
and the common practice of showing 
threads clear up to the shoulder, makes 
short chamfers necessary. A short 
chamfer increases the likelihood of chaser 
breakage, shortens chaser life, adversely 
affects thread quality, and necessitates 
operation at slower spindle speeds. 
Circular chasers, like the tangent 
chaser, are made with or without helix. 
The circular chaser with helix has the 
helix and spacing in the chaser inde- 
pendent of the holder. For this reason, 
the chaser requires only one set of 
holders, regardless of pitch, form, or 


diameter, for either right- or left-hand 
range, within the stated head capacity. 
Left-hand chasers are required for left- 
hand threads. 

The circular chaser without helix takes 
its helix from the chaser holder and the 
chaser spacing. Theoretically, for accu- 
rate threading, a separate set of holders 
for each size of thread is required. Left- 
hand holders are required for left-hand 
threads. 

Positive means of setting the chasers 
and measuring the bearing should be 
provided. It is not, however, possible to 
measure exactly the cutting bearing on a 
circular chaser as the cutting edge is the 
junction of two angles. 

Circular chasers without lead can be 
used for cutting right- or left-hand 
threads. This style of chaser, similarly to 
the others, should never be ground free- 
hand. 


table 64 . . THREADING SPEEDS FOR DIEHEADS 


MATERIAiS 
VANADIUM STEEL pay ee 
L 
FORGED STEEL BESSEMER 
OPEN HEARTH SCREW STOCK 


NATIONAL COARSE THREADS 
Rpm Fpm Rpm Fpm 


535 764 


428 611 


458 


MATERIALS 


MACHINE STEEL 
DRAWN STEEL 


BESSEMER 
SCREW STOCK 


VANADIUM STEEL 

FORGED STEEL 

OPEN HEARTH 
NATIONAL FINE THREADS 

Work Rpm Fpm Rpm Fpm 


Dia 


\4 611 


Cutting speeds listed are for annealed stock only When heat 
treated material is threaded decrease cutting speed 20 to 30% 
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Thread milling. . This process is im- 
possible, or impractical, on materials 
harder than R. 37-40. Speed and feed 
data for mild steel are: 


HSS Cutters 
Cutter speed, sfpm 
Feed, av finish, ipm 
Feed, fine finish, ipm 


. 110-150 
0.005-0.010 
0.003-0.004 


Thread generating. . This process is 
mainly used for such work as feed 
screws, elevating screws, worms, and the 
cutting process is a molding-generating 
one, totally unlike thread milling. Speeds 
are three to five times those of milling 
or turning. Example: a worm with a 
triple thread of 0.525-in, linear pitch and 
2.100-in. OD is to be cut. At a work 
speed of 600 rpm, the cutter would be 
operating at 330 fpm at the work OD and 
1800 teeth would be presented to the 
work every minute. 

Climb-thread milling with profile cut- 
ters will permit higher cutting speeds: 

1. Steels of 240 Brinell—250 to 300 
sfpm 

2. Steels of 240 to 300 Brinell—160- 
175 sfpm 

3. Steels from 300 to 350 Brinell—90- 
140 sfpm, but thread grinding may be 
better for steels above 325 Brinell. 

Thread rolling of steels. . Excellent 
finish with minimum rolling pressure is 
obtained with low-carbon steel with 
standard phosporous and sulfur contents. 
Free-cutting sulfur-bearing steels produce 
a good finish on 60° threads, less so with 
Acme threads. C115 is preferred to B 
1113 for the latter work. 

Nickel-alloy steels such as 2330 or 
2340 are springy but suitable for -thread 
rolling. These materials tend to work 
harden. 

Threads can be rolled satisfactorily 
on the 3120 and 3140 nickel-chromium 
steels. Resistance to rolling is increased 
with manganese steels like to those having 
1.5 to 2.0% Mn, but good finishes are 
obtainable. Moly steels, such as 4140, 
4340, 4640 and 4820, are frequently 
rolled after heat treatment, and they roll 
well. A material with a hardness of R. 
40 has a yield point of approximately 
150,000 psi, and takes: about three times 
the power to thread roll as a low-carbon 
steel of 45,000 psi. However, compara- 
tive yield points are not a measure of 
thread-rolling pressure. This property, 
the hardness, the work-hardening char- 
acteristics and resistance to flow all have 
an effect. 

Thread grinding. If steel hardness 
exceeds R. 35-40, thread grinding is the 
preferred method. Likewise, if maximum 
accuracy and precision are required, 
grinding is the likely choice. Single-rib 


table 65 . . GRINDS AND COOLANTS FOR RADIAL DIEHEAD CHASERS 





Milled Chasers 


Tapped Chasers Coolant 





Straight Thread 10° Hook 
Tapered Thread 5° Hook........ 
: Bessemer screw stock, SAE 1010— 


10° Hook 
5° Hook 


20% Mineral 
Lard Oil 





Straight Thread 15° Hook 
Tapered Thread 10° Hook 
SAE 1040-1095 ; 


T 1330-T1350, 2015-2515, 3115-3450, 4130- 


T5120-52100, 6115-6195 
Forgings , 


15° Hook 
10° Hook 
20% Mineral Lard 
Mineral Lard or 
Sultur Base 
Lard oil and white 
lead 





wheel grinding (often 18-20-in. dia) is 
comparable to single-point chasing, and 
is more valuable for high precision than 
production. For large Acme, worm or 
buttress threads, the vitrified wheel is 
normally employed. Resinoid wheels are 
chosen for commercial tolerances and 40 
tpi or finer. Feed per pass of the wheel 
is often 0.001-0.002 in., but when a very 
sharp edge must be maintained on the 
wheel, the feed per pass is reduced to 
0.0005-0.001 in. Wheel speeds are 8,000 
to 10,000 sfpm, but up to 12,000 sfpm is 
sometimes used on high-production com- 
mercial work. Work speed is about 6 
fpm on medium-pitch work to be finished 
from the solid in two to three passes. 
Threads coarser than 10 p are more eco- 
nomically produced when the blanks are 
rough-threaded prior to hardening. On 
long, thin precision work, it may be 
necessary to reduce wheel and work 
speeds by 50%. 

A good grade of grinding oil is recom- 
mended as best coolant for thread grind- 
ing. Non-soluble grinding oil is said to 
be preferable to water-soluble com- 
pounds, because it helps to maintain 
better wheel form and promotes a higher 
surface finish. 


Tap selection for steel jobs 


Selection of the right tap for the job 
involves three major points: 

1. Correct design of tap. 

2. Best size of tap. 

3. Most efficient superficial surface fin- 
ish for a production tap, considering the 
material being tapped. 

Design factors. . It is recognized that 
a spiral-point or gun-point tap with the 
conventional plug chamfer of approxi- 
mately 15° is recommended for through 
holes. Use of a bottoming tap on a 
through hole will dull the tap more 
rapidly than necessary, because most of 
the work is being done by one or two 
cutting teeth. Use of a spiral-point tap 
in a blind hole will force the chips down 
into the bottom of the hole ahead of the 
tap and usually cause the tap to break. 
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I'wo-flute taps are stronger than three- 
flute taps, particularly the gun-point tap, 
and are to be preferred for small sizes 
for that reason. 

Three-flute taps, however, cut closer 
to their own size and are easier to line up 
in screw-machine use. 

All taps smaller than % in. dia are 
concentrically ground; that is, without 
eccentric relief on the tooth form. For 
types of relief, see Fig. 32. 

Eccentrically relieved taps in sizes 
larger than % in. dia cut much more over 
their own size than do the smaller con- 
centric taps. 

The correct amounts of hook and 
chamfer relief are very important on 
high-production jobs. Recommended 
hook and chamfer relief angles are in 
both instances 8° for mild steel. 

Correct pitch-diameter tolerance. . All 
taps cut over their own size. The amount 
of oversize can be controlled, however, 
by precision-grinding the hook and cham- 
fer-relief angles. Machine-screw-size taps 
properly ground may be expected to cut 
no more than 0.0015 to 0.002 in. over 
their own size. As the tap starts to get 
dull, it gradually cuts closer to its own 
size because of the build-up pressure be- 
tween the stock and the cutting teeth as 
the chip is formed. 

Ground thread taps are made in sev- 
eral ranges of PD tolerance. For mild 
steel, the No. 1 precision ground tap 
with PD limits of basic to basic plus 
0.0005 in. is recommended. 

Because the commercial-ground range 
includes both precision-ground No. 1 and 
precision-ground No. 2, it may be as- 
sumed that half of a group of commer- 
cial-ground taps will fall in the preci- 
sion-ground No. 1 range. Thus _ if 
commercial-ground taps are used where 
precision-ground No. 2 or precision- 
ground No. 3 is recommended, some of 
the taps may not produce so many good 
holes per grind as might be expected. In 
other words, use of commercial-ground 
taps cuts down the manufacturing toler- 
ance. Whether it will be economical to 
purchase the more expensive precision- 
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ground tap for the job depends on tne 
accuracy of the setup and control of the 
operation. 

Fundamentally, the ground-thread tap 
is intended for threading to close toler- 
ances which cannot be held by conven- 
tional cut-thread taps. However, their 
clean accurate thread form is so much 
more efficient that it will often prove eco- Length of 
nomical to use them for less demanding Y square | 
production operations. 

Effect of unified threads. . Pitch-diam- 
eter tolerances of the nut and screw in the 
American National thread form are 
equal, with the nut above and the screw | 
below basic. On the other hand, in the 
Unified series, to compensate for manu- 
facturing difficulties, the tolerance of the 
tapped hole is always 1.3 times the toler- 
ance of the screw for the corresponding 
class. Tapped holes passed as satisfactory 
for the National classes 2 and 3 are satis- (no relief) Pe: Ba ed 
factory for Unified classes 2B and 3B. 

The Metal Cutting Tool Institute has 
recognized, however, that a ground- 
thread tap larger than the original com- 
mercial ground-thread tap may give im- 
proved performance on class 2B holes in 
sizes “% to 1% in., if the tap size is 
properly selected and tap is kept sharp. 
Thus “commercial-ground high,” or 
CGH, taps have been introduced. Four 
series of taps are therefore provided: (1) 
the usual cut thread; (2) a PGI series, 
known as “precision ground No. | limit,” 
with the minimum pitch diameter set at 


Rake (curved 
cutting face} 


Rake straight 
cutting face) , 


Tap 
center. 5 


on hread relief 
(radia/) 





iI pete i 


uno TS 
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Fig. 31—Terminology for taps now follows a standard pattern 
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Fig. 32——Types of relief applied to taps are: 

Concentric—no relief other than back taper; Eccentric—continuous relief from cutting 
edge to heel; Con-Eccentric—usually the first third is concentric, the remainder re- 
lieved, and Center Relief—concentric at cutting edge and heel, relieved at center, 
used where tap teeth must pass over a keyway or slot 


basic; (3) an altered CG, or commercial- 
ground series, where the tolerance spread 
has been shifted a few thousandths to- 
ward the basic pitch diameter; and (4) a 
CGH series, or commercial-ground high, 
where the tolerance spread has been 
shifted so its maximum is above the 
former maximum for the commercial- 
ground series. 

These CGH and CG taps, in addition 
to the revised precision-ground taps, are 
adequate for tapping all class 2B and 
class 3 Unified holes, and they will also 
tap class 2 and class 3 National holes 
formerly tapped with the original com- 
mercial-ground and _precision-ground 
taps. 

Tap finish. . Surface-treated HSS taps 
have had a secondary hardening, or wear- 
resistance, treatment. This may consist 
of superhardening, a hard chromium 
plate of 0.0001 to 0.0003 in., nitriding, 
shot-peening, or some other special sur- 
face treatment to slow the effect of wear 
and abrasion. Treatments such as these 
make it possible to increase tapping 
speeds 10 to 20%. 

Nitriding is good if done properly so it 
does not affect surface finish. Nitriding 
is used on steel and continuous-chip mate- 
rials very successfully. 

Steam-homo or steam-oxide finish is 
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good on many materials including cast 
iron. 

Ground and polished HSS taps, 
whether surface treated or not, may be 
used at speeds of 5 to 20% higher than 
those recommended before polishing. In 
addition, polished flutes and teeth will 
produce cleaner smoother threads and 
longer tool life. 

Tapping speeds. . Tapping speed par- 
allels, and is usually 50 to 65% of, drill- 
ing speed. Speed recommendations for 
drilling and tapping are always expressed 
in surface feet per minute and may be 
converted to rpm by the formula 

3.82 
rpm = sfpm & - 


where OD = outside diameter of tap, in. 


As in drilling, the recommended sfpm 
(Table 66) should be maintained as 
closely as possible, particularly on small 
sizes. It is a mistake to run small-sized 
taps at slower speeds than recommended 
because the torsional strains introduced 
into the tap at slow speeds are not so 
readily absorbed by the body of the tap. 


Tap drilling. . The drilled hole for tap- 
ping should be selected to give approxi- 
mately 75% thread depth, but if the steel 
is very tough or hard use less thread 
depth. Remember a nut with only 50% 
thread depth will break the bolt before it 
will strip the thread. 

Punched holes in sheet metal often 
cause binding or loading. Consider this 
when selecting punch size. 


table 66 . . TAPPING SPEEDS AND LUBRICANTS FOR STEEL 





Tap Speed, Fom 


Carbon 
Steel Steel 


~~ 


surface- 


treated Lubricant 





Chromium... 
Machinery. . 


20-30 
Manganese. . 
Molybdenum 


Vanadium. . 


, 20-30 
40-60 


s 10-15 
20-30 


25-35 
25-35 


25-35 
50-70 


Sulfur-base oil 

Compound, sulfur-base oil. or 
kerosene and paraffin 

Compound, sulfur-base oil, or 
kerosene and paraffin 

Sulfur-base oi! 

Sulfur-base oil 

Sulfur-base oil 


15-20 


25-35 
30-40 
30-40 





*Carbon-steel taps are not recommended for these materials. 
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Sawing of steels increases 


Economical sawing of steels has always been important in 
the shop, but the economy aspect has too often been 
neglected. That is why it is relatively difficult to assemble 
as much specific data on this subject as you will find 
below. 

Three factors now make it important to select and use 
sawing equipment properly on steels. First, there has 
been a great growth in the use of rolled and extruded 
steel products, and the cutting of parts from these prod- 
ucts must be done accurately and cheaply for competitive 


Power hacksaw blades 


Types of saw teeth. The more common 
type of tooth has a straight face as cut- 
ting is done on the outside points, the 
chip is pushed against the cutting face 
and is broken into short chips. However, 
this type of saw blade can be operated 


Steels: 


tai it Deh __Material 
0.12% C, 42,000-64,000 psi 

0.25% C, 64,000 psi... ......... 
0.40% C, 71,000-85,000 psi...... 45-70 12-21 
0.60% C, 85,000-100,000 psi....... 45-70 16-23 


reasons. Second, sheet steel and plate are currently cut 
to required outlines in a fraction of the time needed by 
other methods. Third, the rise of cold extrusion means 
that much more bar stock must be accurately cut to 
length and square, because slugs for cold extrusion must 
not have a fractured surface and they must be accurate 
to avoid disastrous pressure buildup in the dies. 

There are five methods of sawing steel, including the 
lowly but ever-useful hand hacksaw. Hand-sawing data 
are commonly available, so are not repeated here. 


table 68 . . CUTTING SPEEDS AND TOOTH ANGLES FOR SEGMENTAL CIRCULAR SAWS 





Production, Tooth Angles, Deg 
Blade Speed, Sq. In. 
soe ee 


per Min _ Rake Clearance _ 


80-100 19-31 
80-100 16-25 


only at light feeds. A second type of 
tooth form, made only in the coarse 
pitch of 2% teeth per inch, has a 10° 
hook, a 15° clearance, and a rounded 
gullet to curl the chips. With this type 
of tooth, cutting rates as high as 16 sq 
in. per min on 1020 CR steel have been 
attained. 

Selection of blade. . Use a blade as 
short as the work will permit, and thick 
and wide enough to withstand feed pres- 
sure. Select a blade that will have three 
teeth in the cut at all times. Finer teeth 
are used on hard stock, coarser teeth on 
soft stock for better chip removal. 

Speeds and feed pressure. . Cutting 
speeds average 135 strokes per minute. 
Feed pressures should be light for thin 
materials, tubing, and heavier for large 
sections, and harder materials (see Table 
67). Coolants are soluble oil in 1:50 or 
sulfur-base cutting oil diluted with kero- 
sene. 


Circular saws 

In circular, or cold, sawing of metals, 
a thin saw blade is fed through the steel 
at milling speeds and feeds. The teeth, 


table 67 . . APPLICATIONS OF POWER 
HACKSAW BLADES 


Teeth Strokes Feed 
per In. per Min. Pressure, Lb. 





Material 





Cold-rolled steel.. 4 to 6 135 150 
Machine steel 4 to 6 135 150 
Iron pipe 10 to 14 135 120 
Structural steel... 6 to 10 135 120 
Steel tubing 135 60 





0.90% C, 100,000-115,000 psi...... 45-55 11-19 
80-100 
1300-8000 
55-100 16-25 


Steel tubes, thick-wall...... 
Tubing, thin-wall.... 
Structural iron 


Rails, hard... , 25-55 


6-12 
62-124 


AAaqaqaaqaqaaa 


8-12 





*E. C. Atkins Saw Co. 


therefore, have both rake and clearance. 

Circular-saw blades are made in three 
types: solid, segmental, and _ inserted- 
tooth. Solid-blade saws of the metal- 
slitting type are made in diameters up to 
8 in. or more for cutting hard materials 
at speeds from 50 to 75 fpm. 

For cutting tubing and thin extrusions 
of ferrous materials, hollow-ground saws 
may operate at speeds up to 18,000 fpm. 
Fine-pitched teeth are used: 150 or 250 
teeth for a 6-in. saw and 300 teeth for 
a 16-in. saw. 

Segmental blades consist of segments 
containing the teeth, the segments being 
riveted to a disk. When these teeth are 
worn or broken, segments are replaced. 
In contrast to inserted-tooth blades, the 
segmental type can be provided in the 
desired tooth pitch but often is % to % 
in. On the other hand, a single tooth of 
an inserted-tooth saw can be quickly re- 
placed. 

Teeth of circular-saw blades should 
have positive rake and clearance angles 
varying with the material cut (see Table 
68). 

Segmental saws are made for maxi- 
mum feed performance. The chip load 
should be 0.001 to 0.008 in. per tooth, 
depending on the material cut. Size, 
shape and material cut control the num- 
ber of teeth in the saw (see Table 69). 
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table 69 . . TOOTH PITCHES FOR 
SEGMENTAL CIRCULAR SAWS* 


Tooth Pitch, In. 





Material 





Round and square bars: 
144-1 in..... 
144-3 in..... 
3-5... 
5-8.... 
8-12... 


Round and square bars ip bundles 
Rolled sections in singles and 


Pipes, thin-wall 
Pipes, thick-wall 


*E. C. Atkins Saw Co. 





Carbide saws. . Saws with a disk of 
carbide brazed to a hub range from %4 
to 4 in. dia. Feeds and speeds depend 
greatly on the application. Saws have 
been put to work at speeds from 150 to 
5000 fpm, at feeds from 2 to 300 in. per 
min. Chip loads per tooth have ranged 
from a few tenths to 0.010 in. per tooth. 
These saws have been used on steel. 


Bandsaws 


Types of saw bands. . Proper choice of 
saw bands depends on work material, 
cutting speed, and finish desired. Types 
of saw bands are: 

1. Standard pitch, or “precision,” as in 
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table 70 . . GUIDE FOR BAND-SAWING VARIOUS MATERIALS* 


Table 70 is used in rakes and wave set for 
relatively low cutting speeds on ferrous . 
metals. 

2. Buttress, or skip-tooth, coarse-pitch 
bands are used in raker set for heavy 
work thicknesses of ferrous metals. 

3. Claw-tooth bands are made in the 
same pitches as buttress blades but have 
a positive 10° rake angle for free-cutting 
action on steel. 

4. Cutoff bands have pitches from 6 
to 24 teeth per inch, a raker set, and are 
used for production cutting of steel. 

5. Friction bands have 10 or 12 teeth 
per inch, the teeth are specially heat- 
treated, and the band is operated at 
speeds up to 15,000 fpm to cut metals 
by a friction-softening and abrading 
process. 

Set pattern. Set is the- amount of 
bend given the teeth in order to create 
side clearance for the back of the band, 
when cutting through material. Three set 
patterns are: (1) raker set—one unset- 
tooth followed by two oppositely set 
teeth; (2) wave set—one group of teeth 
set to the right, the next group to the left, 
etc.; and (3) straight set—all teeth set 
symmetrically one to the left, the next to 
the right, etc. 

Saw width and gage. . For accuracy of 
cutting, use the thickest and widest blade 
possible, considering the radiuses to be 
cut and the diameter of the band wheels. 
Approximate thickness of band should be 
0.001 to 0.00175 in. per in. of wheel 
diameter. 

Coolant. . Mild steels and alloy steels 
are best cut with cutting oil as a coolant 
or blade lubricant. 


Saw 
Typet 
and 
Pitch 


Thick- 


Material Sgoed. 
pm 


250 
200 
175 
150 
150 


n 
o 
oe 
oo 





SAE steels: 


Carbon steels—1006—1030 


200 
150 
125 
100 
100 


Medium and high carbon—1035-1095... 


Free-cutting 1112, 1115, X1315 

Manganese—X 1330—-X1340; 1330-1335. 
Exceptions: high carbon-cuts at 80 
fpm for 3-6 in. thick; free-cutting 
manganese at speeds 25 fpm higher for 
4-6 in. thick. 


EEMEE TITSE 


Manganese steels —1340, 1350.. 
Nickel steels——-2315-—2350 


P-12 
P-8 
B-4 


Nickel-chromium steels—3115, 3120 


P-18 
P-14 
P-8 
P-6 


Oo my: 


Nickel-chromium steels—3215-—3250..... 


P-14 
P-10 
P-6 
B-3 


Molybdenum steels—4140, 4145, 4150, 


4320, 4340 


2 
dbedhex? ~~ 


! 
i 
PN 


P-18 
P-14 
P-12 
P-8 
B-4 


Chrome-vanadium steels—6130-6150 


Dw me 
DCRR THLE CET EE LIMES LHTEE 


1 
3- 
0 
Y% 
% 
1 
3 
0 
y- 
% 
1 
3 
0 
Y% 
1 
3- 





*Abstracted from “‘DoAll Band Tool Manual,” by permission of The DoAll Co., Des Plaines, Ill. 
tSaw types: P =precision. B =buttress. Pitch = No. teeth per in.; for example, 18. 
20 ° Cutting oil is used as a lubricant. 
Friction sawing Feed—M =medium; H =heavy pressure. 
Twe types of friction sawing are per- 
formed in industry: friction bandsawing 
and friction circular sawing. In either 
case the principle is the same: the band 
or saw blade traveling at high speed Approx Lin Cutting Rate, 
while in frictional contact with the work Saw Velocity Saw Pitch In. per Min 
ctional contact with the - Work Thickness Work Thickness Work Thickness 
develops heat faster than the material ; Babes. 122k st 
can absorb it, and the material is sof- 1/16- Va- ye 1/16- Va- -/16%% % 1 
tened. The teeth in the tool act as small Ke Bee tle HOR te oo lf i le 
scoops to remove the softened metal in i 12,500 14 10 10 
the form of “sparks.” 
Friction bandsawing. . 
not be sharp. In fact, the saw cuts best 


table 71 . . FRICTION BAND SAW CUTTING RATES, LIN IN. PER MIN* 





Materials 








Carbon steel—1010-1095.... 1,400 %0 30 8 


Manganese steel—T1330- 

Saw teeth need : 12, 
Free-machining steel 

Poiy) ©.) er * 12 


6,000 9,000 


500 14 10 10 1,200 55 25 


,500 10 1,400 60 25 


after it has been dulled by use. Most cut- 
ting is done at speeds between 6000 and 
14,000 fpm (see Table 71). Thicknesses 
above 1 in. can be cut, but special train 
ing and skill are considered necessary. 

Friction circular sawing. . A blade with 
a smooth rim can be used for cutting all 
the high-carbon steels, in hardened or an- 
nealed conditions, but for low-carbon 
steel a toothed rim is necessary. 

Efficient rim speeds are from 20,000 
rpm for small blades to 28,000 rpm for 
largest ones. Cooling water is provided. 
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Nickel steel—2015-—2515.. 

Nickel chromium steel— 
3115-3415 

Molybdenum steel 
4023-4820 +e 

Chromium steel—-5120-—5150. 

Chromium steel—51210-— 
52100. . 

Chromium vanadium 
6115-6195 

Tungsten steel—?7 260-7 1360 

Silicon steel—9255-9260. . 

Armor plate. 


14 ,000T 
,0007 


,0007 
0004 


,0007 


14 ,000T 
14 ,000t 
14 ,000T 
13,500 


10 


10 


10 


800 


800 


,000 
800 


800 
700 


600 
600 


45 


45 


50 
45 


40 


40 
38 
45 
60 





*The DoAll Co. 


tUse rocking technique on maximum thickness. 
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Even though grinding is one of the most important 
metalworking processes applied to finishing of wrought 
steels, practice has not been reduced to an exact science. 
Wheels of different specifications are used on the same 
parts in different plants, because of variations in oper- 
ator skill, machine condition, etc. Even so, the choice of 


Factors in grinding 


Given conditions: 
1. Material to be ground. 
2. Amount of material to be re- 
moved and finish desired. 
3. Are of contact. 
4. Type of grinding machine. 
Influential variable factors: 
1. Wheel speed. F 
2. Work speed (or pressure if hand 
grinding). 
3. Condition of machine. 
4. Skill of the workman. 

1. . Material to be ground. . The com- 
posite effect of several physical proper- 
ties of a material to be ground largely 
governs the selection of the type of abra- 
sive to be used. For materials that are 
neither brittle nor easily penetrated, alu- 
minum oxide abrasive wheels have been 
found most suitable. Most materials for 
which this abrasive is adapted are com- 
paratively high in tensile strength. There- 
fore, beginning with the hardest and 
toughest of alloy steels, down to and 
including the tougher grades of bronze, 
aluminum oxide grinding wheels should 
be used. 

2. . Amount of material to be re- 
moved. . Where comparatively large 
amounts of material have to be removed 
by grinding, the coarser grain combina- 
tions should be employed to facilitate 
rapid removal of stock. Finish is depend- 
ent to a considerable extent on grit size 
used, except on machine grinding oper- 
ations. Here, proper truing and dressing 
afford fine finish without the sacrifice of 
production usually accompanying the use 
of fine grit wheels. 

3. . Are of contact. . The arc of con- 
tact, or the area of contact, has a very 
important bearing on the grain and grade 
selection. 

In the case of cup or cylinder wheels, 
where the grinding is done on the rim, the 
arc of contact develops into an area of 
contact and the effect of a change from 
a small area to a large area is even more 
marked than with a straight wheel. The 
extremes here range from the grinding 
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Grinding remains an art 





of steel balls, where practically “point 
contact” exists, to grinding of broad, flat 
surfaces. To select a wheel suitable to 
variation in the area of contact, grades 
F to Z have to be employed. Width of 
contact has practically no effect on the 
cutting action of a wheel, provided, that 
the pressure per unit area remains con- 
stant and there is sufficient power in the 
drive. 

4. . Type of grinding machines, . Heavy, 
rigidly constructed machines can use 
slightly softer wheels than lighter, more 
flexible types. Some machines set up 
greater vibrations than others, thus call- 
ing for finer and harder wheels. The 
combination of speeds and feeds on some 
precision machines makes the use of 
different kinds of wheels necessary. 


the proper wheel for a given job is not a matter of guess- 
work. We know the factors involved in grinding, and 
we have definite information on wheel speeds and wheels 
that have proved successful on various jobs. With this 
knowledge available, the shop superintendent, methods 
man and operaior can get good results in grinding. 





Influential variable factors 


1. . Wheel speed. . Too slow a speed 
is wasteful of abrasive, too fast a speed 
retards cutting and may be dangerous. 
Grit sizes and grades recommended for 
various operations are based upon the 
assumption that approximately the rec- 
ommended speeds will be employed. If 
these speeds cannot be used, then at least 
the grade of the wheel must be changed 
to suit. 


Speed tables, rules for surface speeds. . 
The exact speed at which any specified 
wheel should be run depends upon sev- 
eral conditions, such as the type of ma- 
chine, character of work and wheel qual- 
ity of finish desired, and various other 
factors. Wheels are ordinarily run in 


table 72 .. SAFE SPEEDS FOR GRINDING WHEELS 


(From American Standards Association Safety Code) 





Classi- | 

























































































| Vitrified and Silicate Bonds Organic Bonds 
fication Types of Wheels 
iti Low Medium High | Low’ | Medium High 
¥ ce Pea Strength | Streneth | Strength | Strength | Strength | Strength 
F ee ae |. FPM FPM FPM | FPM FPM FPM 
1 | Type 1—Straight Wheels Sarledinenismesststl yoo. | con . ia e 
Type 4—Taper Wheels 5,5¢ | 6,000 | 6,500 | 6,500 | 8,000 | 9,500 
) Types 5 and 7—Recessed Whe 5,500 | 6,000 | 6,500 | 6,500 | 8,000 | 9,500 
Type 2—Cylinder Wheels ‘incisding ginsc mound} 4,500 | 5,500 | 6,000 | 6,000 | 8,000 | 9,500 
Dovetail Wheels } | | 
aon 11 and 12—Dish and Fk . yas | 
Be wa he eck 3 ring Cup!) 4 s00 | 5,500 6,000 | 6,000 | 8,000 | 9,500 
Type 13—Saucer Wheels | | | | 
5 Type 6—Deep Recessed Cup Wheels 4,500 | 5,000 | 5,500 | 6,000 | 7,500 | 9,000 
Cutting Wheels Larger than 16” diameter | Be hy: " 7,500 
6 | to 
ae } | 14,000 
| Cutting Wheels 16” and smaller eapicat iene 10,000 
‘ | to 
ns | | 16,000t 
| Thread Grinding Wheels is 5,500 P| 6,000 AMD SE. oo. 8 oer | 9,500 
8 to | to to } | to 
| 8,000 10,000 12,000 | | 12,000 
_—_——} ——— ——_— _ |} - — —_ —————— Ee 
Automotive and Aircraft Crank Grinding | 5,500 6,000 6,500 
9 to to | 
7,300 8,500 
Automotive and Aircraft Cam Grinding } 5,500 6,000 <7" ie Decne, Uneeiaee et Rae 
10 | to to 
8,000 8,500 
aes | 2 a steed 
11 Diamond Wheels (all types Any Bond— Maximum 6,500 fpm 


Note: When wheels of unusual and extreme shapes such as 


deep cups with thin walls or backs, long drums or with large 


center holes are required, consult wheel manufacturer for speeds recommended 


Note: Maximum speeds indicated are based on the strength 


may sometimes be considerably lower 





of the wheels and not on their 


cutting efficiency. Best speeds 
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table 73 . . GRINDING-WHEEL RECOMMENDATIONS * Recommended wheel speeds* 
Bond- Sa ts ~—e 
ing Abrasive Cylindrical grinding... .. 5,500 to 6,500 
uc- Varia- (Trade Internal grinding...... .. 2,600 to 6,000 





Work—Meterial Grain Str r 
—Operation Abrasive Size Grade ture Bond tion Mark) 





Axles (auto) 
Centerless . 
Cylindrical 
Axles (railway): 
Cylindrical. . . 
Balls steel (soft—large) 
Roughing. . 
Balls (soft—small): 
Roughing 
Balls (soft—large): 
Semi finishing 
Balls (soft—small): 
Semi finishing. 
Balls (hard-—large) 
Final finishing 
Balls (hard—small) 
Final finishing. . 
Ball bearings: 
Surfacing cups and cones 
re aioe 
Surfacing cups and cores 
hard. . ad 
Surfacing segments 
Grinding OD cups—roughing 
and finishing 
Grind outer race 
Wheel dia 4-—% in 


Wheel dia 1-3 in 


3 in. up. 
Grind inner race 


Internal grind bore 
Bolts (vase hardened steel) 

Cylindrical 

Centerless . 

Surfacing— (disks) 
Bushings (hardened steel) 

Cylindrical 

Internal. . 


Centerless . 
Cams (automotive) (hardened 
steel): 
Roughing. . 
Finishing 
Roughing and finishing 
Hand machines... 
Automatic 
Car wheels (steel) 
Cylindrical—regrinding 
Car wheels (manganese steel) 
Cylindrical—regrinding 
Connecting rods (automotive) 
Internal. . 
Crankshafts: 
Airplane 
Diesel. . sueees 
Automotive (pins and bear 
ings): 
Roughing—heavy side 
removal. . 
Light side removal 
Finishing 
Roughing and finishing 
Automotive (regrinding) 
Cylinders (aircraft): 
Molybdenum steel: 
Roughing. .. 
Finishing. . 
Regrinding 
Nitrided 
Before nitriding 
After nitriding 


Regrinding 


> >>> >>> 


“>> 


M 
L 

L 

Z1 
Z2 
Z2 
Z6 


x 


ZAWHAWHH z 


rzZze 


os 


<0 


< 


SAAAAAAD 


Vv 
Vv 
B 


<<<< 


<<<<< 


<<< 


<<<¢ 





*Norton Co. 


Snagging, offhand grinding 

(vitrified). .......... ..5,000 to 6,000 
Snagging, resinoid wheels........7,500 to 9,500 
Surface grinding ...4,000 to 5,000 
Machine-knife grinding. ........3,500 to 4,000 
Hemming cylinders.............2,100 to 5,000 
Wet-tool grinding ......5,000 to 6,000 
Cutlery wheels. . 5,000 
Rubber, shellac, and resinoid cut- 

ting-off wheels...... 9,000 to 16,000 


* The higher speed is recommended only where 
suitable bearings are employed. 


practice from about 4000 to 6000 fpm, 
though in some cases a speed as high as 
7500 fpm has been employed. An aver- 
age speed recommended by most wheel- 
makers is 5000 fpm. To allow an ample 
margin of safety, it is recommended that 
wheel speeds should not exceed 6500 
fpm. 

Table 72 gives safe speeds for various 
types of grinding wheels and various 
types of bonds. These speeds are recom- 
mended by the Grinding Wheel Institute 
and appear in the ASA Safety Code on 
the subject of grinding wheels. 

2. . Work speed. . In machine grind- 
ing, speed of work exerts a pronounced 
effect on the grinding wheel. In general, 
fast work speed, whether the operation be 
cylindrical, surface, or internal grinding, 
tends to wear the wheel faster than slow- 
er work speed. This is not necessarily a 
drawback to good grinding practice, but 
it must be understood to be properly 
controlled. 

Wheel wear is dependent on the ratio 
of the surface wheel speed to the surface 
work speed. The higher the ratio the less 
work the wheel is required to do in a 
given amount of time, hence the wheel 
naturally wears at a slower rate. 

In general, the longer the arc of con- 
tact in precision grinding operations, the 
faster should be the speed of the work, 
in order to have the wheel cut properly. 

3. . Condition of the grinding ma- 
chine. . A grinding wheel is a refined 
cutting tool and cannot work to good 
advantage on a machine in poor repair 
or not properly set up. Spindles loose in 
their bearings necessitate the use of very 
much harder wheels than would be used 
under normal conditions. Insecure or 
shaky foundations cause no end of trou- 
ble in grinding, because hard grades must 
be employed to cvercome the tendency 
of ‘he wheel to wear rapidly. Thus cut- 
ting qualities are sacrificed. 


Functions of the bond 


Every grinding wheel has two compo- 
nents: abrasive that does the work, and 
bond that holds the grains while they 
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cut. Cutting eticiency or a wheel depends 
largely upon the type of abrasive. Grade, 
or hardness, of a wheel depends upon 
the relative percentage of bonding ma- 
terial used. 

Functions of the bond are: (1) to hold 
the abrasive grains together, (2) to pro- 
vide the proper factor of safety at run- 
ning speed, and (3) to modify the hard- 
ness or strength of the wheel to fit the 
work it is called upon to do. We often 
hear the operator say that his wheel is 
“too hard” or “too soft.” He actually 
means this: the bond retains cutting 
grains so long they have become dulled; 
the wheel has stopped cutting. Or, in the 
case of a soft wheel, the bond is of in- 
sufficient amount to hold the cutting 
grains firmly; they are pulled out of the 
wheel before they have performed the 
required work. 

The bond to be used for a given oper- 
ation depends on the wheel speed, shape 
of the wheel, nature of the grinding 
operation, and finish required. Wheels 
are bonded by what are known as vitri- 
fied, silicate, shellac (elastic), resinoid, 
and rubber processes. No one bond 
makes the best wheel for all purposes; 
each has its particular fields of applica- 
tion. 

Grain and grade. . Grinding wheels 
are made in various combinations of 
coarseness and hardness to meet a va- 
riety of requirements. 

The term “grade” refers to thé relative 
hardness of the wheel, or the resistance 
of the cutting grains to tearing loose 
under grinding pressure. A wheel from 
which the grains are easily torn loose, 
causing it to wear rapidly, is called 
“soft,” while one which retains the grains 
longer is called “hard.” In general, with 
a given type of bond, it is the amount 
of bond that determines the wheel’s 
hardness or grade. 


Grinding-wheel markings 


A standard system for marking grind- 
ing wheels and other bonded abrasives 
(except diamond wheels and sharpening 


stones) is followed by grinding-wheel 
manufacturers. The marking consists of 
six parts: (1) abrasive type; (2) grain 
size; (3) grade of hardness or strength of 
bond; (4) structure, or spacing of abra- 
sive grains; (5) kind of bond; and (6) 
manufacturer’s record. 

Grain size. . Grain size is indicated by 
a number. The following list (from 
coarse to fine) includes all the ordinary 
grain sizes commonly used: 10, 12, 14, 
16, 20, 24, 30, 36, 46, 54, 60, 70, 80, 90, 
100, 120, 150, 180, 220. 

The following additional 
occasionally used: 240, 280, 
500, 600. 

Grade. . The grade is indicated by a 


sizes are 
320, 400, 


table 73 . . GRINDING-WHEEL RECOMMENDATIONS continued* 





Work—Moaterial 
—Operation 


Abrasive 


Grain 
Size 


Grade 


Struc- 
ture 


Bond 


Bond- 
in 

Varia- 
tion 


Abrasive 
(Trade 
Mark) 





Forgings: 
Centerless . 
Cylindrical . 
Snagging (floor stands) 7000- 
9500 sfpm 
(Floor stands) 5000-6500 
Surfacing—disks.. .. 
Gages (plug): 
Cylindrical. ..... 
Cylindrical, mirror finish. . 
Gages (threads precut): 
Grinding threads 12 pitch and 


Grinding threads 13-20 pitch 
Grinding threads 24 pitch and 


Gears (hardened steel): 
Teeth—form precision grinding 


Teeth—generative precision 
grinding... .. 


Internal ‘nee 
Surfacing (cups and cylinders) 
Surfacing (segments) 
Surfacing (disks) (remove 


Surfacing (straight wheels). 
Nitralloy: 
Before nitriding 


After nitriding... . 


Piston pins: 
Centerless machine: 
Roughing.... 
Semifinishing. .. 
Finishing 
Rolls, cold mill (hardened steel): 
Regrinding: 
Fast cutting action and satin 
finish... 


On lighter type machines 
Extra-fine finish. 


New rolls: 
Roughing after hardening. 
Finishing 


Rolls, tinning (heat-treated steel): 


Regrinding, commercial finish. 
Saws (circular): 


Shear blades metal 
shears): 

Sharpening (segments). . 

Sharpening (cylinders). 

Spline shafts: 

Centerless. . . 

Cylindrical... 

Grinding splines. . 

Springs (coil): 

Squaring ends (disks): 
Small gage wire. 
Mediurn gage wire 
Large gage wire. 

Rollers for bearings: 

Centerless—roughing.... 
pS ee 

Surfacing ends (disks)... . 


(power 


A RO “K 


ol olin i nan ok eee 


Z2ZE5 


Dam<wuw 


<< 


Cryst. 
Alun. 
Alun. 
Alun. 
Cryst. 
Cryst. 


Alun. 
Alun. 


Alun. 


Alun. 
Alun. 


Alun. 
Alun. 
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table 73... GRINDING-WHEEL RECOMMENDATIONS (continued) 





Work—Material Grain 
—Operation Abrasive Size 


Grade 


Struc- 
ture Bond 


Bond- 
ing 
Varia- 

tion 


Abrasive 
(Trade 
Mark) 





Steel (hardened): 
Centerless........ 
Centerless (fine finish) 


Cylindrical 

Surfacing (segments) 
Surfacing (cups and cylinders) 
Surfacing—(disks) roughing 
Surfacing—(disks) finishing. 
Surfacing (straight wheels) 


Internal : ‘ ea 

Cutting-off (wet) 9000-12,000 
sfpm. ‘ ‘ 

Cutting-off (dry) 9000-12,000 
sfpm 


Steel (soft): 

Centerless. . 

Cylindrical . . 

Surfacing (segments) cued 

Surfacing (cups and cylinders) 

Surfacing (disks) roughing. 

Surfacing (disks) finishing. . 

Surfacing (straight wheels) 
narrow jae 

Surfacing (straight wheels) 
wide ‘ 

Internal grinding 

Cutting-off (dry) 12,000-16,000 
sfpm ta 5 ole 

Cutting-off (wet) 9000-12,000 
sfpm 


Taps: 

Squaring ends 

Grinding relief. 

Fluting (small taps) 
(Large taps) 

Threading: 
12 pitch and coarser (precut) 
13 pitch to 24 pitch (precut) 
13 pitch to 24 pitch (solid).. 
32 pitch and finer (precut) 

Shanks (cylindrical). . . 


Threads (see gages and taps): 

Screws and studs—12 pitch to 
16 pitch (solid) 7“ 

Screws and studs—18 pitch to 
24 pitch (solid) 

Screws and studs—32 pitch and 
finer (solid) 

Worms (precut) 


Tubing: 
Centerless 
Cutting-off (dry) 12,000-16,000 
sipm.. 
Steel, finish unimportant 
Steel 


Chrome—molybdenum 
Cutting-off (wet) 9000-12,000 

sfpm 

Steel 


Chrome—molybdenum 


Welds: 
Carbon-alloy stveis 
Portable grinders 5000-6500 
sfpm oana'e 
Portable grinders 7000-9500 
sfpm 
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letter of the alphabet, A to Z, soft to 
hard, in all bonds or processes. 

Structure. . Numbers from 1 to 15 
indicate progressively wider grain spacing 
(sometimes called “more open” struc- 
ture). 

Bond or process. . The bond or process 
is designated by the following letters: 

V—Vitrified. 

S—Silicate. 

E—Shellac or elastic. 

R—Rubber. 

B—Resinoid (synthetic resins). 


Grinding-wheel 
recommendations 


It is impossible to recommend grind- 
ing wheels for all possible operating 
conditions, because an _ encyclopedia 
would be required. The grit size and the 
grade or hardness of the wheel are the 
two elements of the wheel specification 
that may be changed somewhat to suit 
specific work and machine conditions. 
When a new job is involved, the oper- 
ator, using the accompanying Table 73, 
draws upon his experience and is gen- 
erally able to narrow down his selection 
to one or two specifications. 

Then, if the wheel is not exactly right, 
he copes with the situation by changing 
the coarseness of diamond dressing, the 
work speed, rate of table travel, etc., 
until best grinding conditions are 
achieved.’ Table 73 should be adequate 
as a guide in selecting a wheel where 
the machine and work conditions repre- 
sent the average. In fact, they are based 
upon successful production grinding in 
industry. 


Grinding coolants 


In the grinding of steels, it is essential 
to use a coolant to dissipate the heat gen- 
erated by the abrading action of the 
wheel and friction. This is true particu- 
larly in the case of precision grinding 
operations. 

The normal selection for many grind- 
ing jobs is from 40 to 60 parts of water 
to one part of soluble oil that has been 
processed to free itself of grit and dirt. 
Adequate filtration of the coolant is sug- 
gested as the means of maintaining good 
finish on the workpiece. 

An aqueous alkali solution may also 
be suitable, and avoids rusting of the 
workpieces. Then, there are new pro- 
prietary chemical compounds that have 
the heat-dissipating properties of water 
but are non-rusting. 

Use of a grinding fluid tends to keep 
the wheel face from loading with par- 
ticles of the material being ground, thus 
maintaining the cutting action. The cool- 
ant should be applied in ample volume 
directly to the grinding point. 
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There are a variety of processes available to the shop 
man and the engineer for shaping metals by plastic 
deformation. Some of these date from time immemorial, 
but others are relatively new and give great promise 
of simplifying the steps for making steel parts. Avail- 
able processes are: 

Hot—forging, impacting, upsetting and hot extrusion. 

Cold—-cold heading, cold extrusion, coining, flat swag- 
ing and rotary swaging. 


Economics of the Processes 


The ultimate aim of manufacturing is to proceed from 
the raw material—a steel slug or bar—to the finished 
product with the least number of operations. Cold work- 
ing is more direct than hot working as a means of 
accomplishing this objective, but the processes within 
the group are more limited in application. Heated metal 
is far more plastic, and hence is more easily deformed. 
The metal is homogenized. Grain flow, which is con- 
sidered desirable by some forging engineers, can be 


Plastic deformation of steel 





controlled for best location and properties in the finished 
article. The grain structure is refined and the strength 
is increased. Normally, however, a certain amount of 
machining must still be done on hot-formed material. 

Most applications of cold working have been selected 
to favor the limitations as well as potentialities of the 
processes, notably cold extrusion, but also cold heading. 
These produce virtually no scrap and are fast opera- 
tions. On the other hand, tooling expense requires amor- 
tization over fairly high quantities. 

Cold extrusion is the process to watch. Steel parts 
are worked to a high finish, accurate dimensions and 
with strength equivalent to heat-treated forgings. Ma- 
chining, even of fairly complex parts, is or can be nil. 
For production parts, the potential cost savings are truly 
tremendous. Hot extrusion is presumably coming along 
more slowly, but here again interesting potentials exist. 
Some very good hot extrusion has been done on intri- 
cate, highly stressed parts. Further developments will 
come about as engineers and production men envisage 
ways of shortcutting conventional fabricating methods. 





known as impact-die forgings) account 












Forging 

Forging may be defined as the shaping 
of metal by plastic deformation, usually 
at an elevated temperature. See Table 74. 
for forging temperatures for SAE steels. 
Basically, metal can be forged by impact 
or pressure. When forged by impact in 
hammers, the part is formed by dies that 
are flat or slightly shaped, as in smith 
forging, or in closed-impression dies 


blacksmith forgings) are commonly pro- 
duced on steam hammers. Small forgings 
may be made with motor-driven pneu- 
matic hammers or helve hammers. 

The rate of production is relatively 
low in most cases, and smith forging is 
principally used where the quantity is too 
low or the parts too large to justify dies 
or the work is needed too quickly to per- 
mit die sinking. 

Drop forgings (also 


for most of the tonnage produced com- 
mercially. They are formed by impact 
pressure on board drop, steam drop, or 
gravity drop hammers. The hammers are 
built to maintain alignment between top 
and bottom dies. The part is processed 
through a series of die impressions, gen- 
erally combined in a single set of dies 
but sometimes two or more. 

Machine forgings. . These (also known 


Drop forgings. . 








(drop forging or impacter forging). Forg- 
ings made by pressure include those pro- 
duced in mechanical or hydraulic presses, 
upsetters, and forging rolls. 






table 74 . . FORGING TEMPERATURES FOR SAE STEELS 






























By the various processes available, 

: naitte SAE Forge,* Normalize, Die-life SAE Forge,* Normalize, Die-life 
forging offers an excellent method of ob- No. bh oF Rotio No. ow oF Ratio 
taining structurally sound steel parts par- 
ticularly suited to mechanical construc- oe wees potion 4 sia pose pps ae 
tion. Forgings possess the quality of high 1030 2320 1600-1675 98 3145 2180 1600-1700 82 
strength for a given weight, plus superior 1035 2320 1575-1650 3150 2180 1600-1700 81 
resistance to loads and impacts. They 1040 2280 1575-1650 95 3240 2180 1600-1700 

: : . 1045 2280 1550-1650 
1 a Wi Vi + 
— be produced ¥ sa de jarmaty of 1050 2220 1550-1625 90 4120 2200 Carburizing 90 
sizes and shapes but are limited in respect 1060 2160 1525-1600 85 4130 2200 1600-1700 87 
to undercuts and cored sections, although 1070 2100 1500-1575 4140 2200 1600~1700 84 
some excellent cored forging has been 1080 2050 1500-1575 4150 2200 1600-1700 80 
, i as 1095 2020 1500-1575 4340 2200 1600-1700 65 
done in recent years. By careful tech pom oe Carburizing 
niques many forgings can be made of less 2317 2220 Carburizing 87 4640 2200 1600-1700 
raw material than a machined part. 2330 2200 1600-1700 84 4815 2200 Carburizing 84 
2340 2200 1600-1700 
2345 2200 1600-1700 5120 2200) Carburizing 90 
TYPES OF FORGINGS 5140 2200 1600-1700 _ 84 
The kinds of forgings produced and 3115 2220 Carburizing 92 5150 2200 1600-1700 86 
the t 3 of equipment on which the 3120 2220 Carburizing 52100 2200 
ype nn y 3125 2180 1600-1700 88 6150 2220 1650-1750 78 
are produced may be listed as: 3130 2180 1600-1700 
Smith forgings. These (sometimes 3135 2180 1600-1700 a5 9260 2150 









known as hand, hammered, flat-die, or *Maximum temperatures for reducing atmospheres. 
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Straight die Simple locked 


die 


Compound Counter locked 
locked die die 


Fig. 33. . Types of parting lines. Straight die is preferable. Side thrust is present in 
locked dies and may be in compound locked dies. Counter lock prevents side thrust. 
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Depth of a forged recess could not 
exceed ¥3 dia.X 


Fig. 35. Corner radiuses and fillet 
radiuses on forgings are important matters 
for the forging designer. 


as upset forgings) are produced on hori- 
zontal double-acting presses known as 
forging machines or upsetters. Operations 
such as bolts, capscrews, and rivets are 
made in cold headers, but most work is 
done hot. The heated bar stock is placed 
between a pair of gripper dies which 
close on the work before the header slide 
pushes a punch against the plastic metal 
to force it into the die impression. Simple 
parts can be produced in one pass. Sev- 
eral passes can be incorporated in one set 
of dies and punches when required. 
Press forgings. . Mechanical or hy- 
draulic presses are used for press forg- 
ings. The action is similar to that of the 
forging machine except that ram move- 
ment is vertical. Split lower dies as in the 
forging machine are possible but are 
rarely employed. In some respects the 
dies are similar to those used for drop 
forging, but there are variations in de- 
sign and, in general, the construction is 
more flexible. Individual die sections can 
be mounted on a bolster plate and die 
inserts can be used. Normally one stroke 
of the press is used in each impression. 
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|. Stock between upper 
and lower dies 


3. Metal dropping 


5. Metal flow is 


2. Metal moved 
to the edge of 
die depression 


4. Metal at bottom 
of die depression 


6. Metal flow at 8 
causing cold shu! 


into die depression 
eA 
a dy 


slow aroundA 


Fig. 36. . Inadequate corner radius adjacent 
to a deep depression adversely affects 
metal flow, and the metal folds back on 
itself to form a cold shut, or potential 
crack. j 


Knockout pins eject the work from the 
dies. 

Each method of forging can be used 
independently or in combination with 
other methods. 


FORGING DESIGN 

In planning a forging, a parting line 
must be selected, then draft, fillets, and 
tolerances applied. 

Parting line. . The surfaces of dies that 
meet in forging are the striking surfaces, 
and the line of meeting is the parting 
line. On a forging, the parting lines must 
be determined in order to establish draft 
and its location. On some forgings, sev- 
eral possible parting lines exist. Parting 
lines are classified as straight, single lock, 
compound lock, and counter lock (Fig. 
33). Although the straight parting line is 
most economical, most dies have locked 
parting fines. 

Parting lines are located so that little 
or no side thrust is imparted to the dies. 
This is done by plecing them at right 
angles to the direction of die thrust or by 
adding a balancing angle or counterlock 
to the die, in excess of part requirements, 
in order to obtain the required thrust 
balance. The best location and type of 
parting line are determined by die cost. 


Y 
J 


Fig. 34. . Draft is the taper applied to 
side walls of a forging, inside and outside, 
so that the part can be removed from the 
dies. 


the need for smooth trimming, and the 
shape of the forging. 

Grain flow. . Hot working of metal im- 
parts a fibrous structure to the metal in 
the direction of working. When the de- 
sign of the part is considered, grain direc- 
tion offers one of the most important 
properties of forged metal. Proper grain 
flow contributes to fatigue life of forged 
parts and helps to control heat-treatment 
distortion. 

Draft. . An angle is applied to side 
walls of a forging, to permit its easy re- 
moval from the dies, and is known as 


a 7 i -Drat? equivalent 


SS N 
* Angle of draft 


- DIE-DRAFT EQUIVALENT 


Draft Equivalent 
for - 3 of 





10° 





. 0037 . 0053 
.0074 0106 
.0110 .0159 
.0147 .0212 
.0196 .0282 


-0233 . 0335 
.0270 . 0388 
-0307 .0441 
.0344 .0494 
- 0381 ’ 0547 


.0418 0599 
.0467 .0670 
.0503 .0723 
0540 .0776 
-0577 .0829 


.0614 0882 
0689 0987 
.0761 1093 
.0847 .1216 
.0921 . 1322 


.0995 . 1428 
1081 1551 
1228 1763 
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table 76 . . THICKNESS TOLERANCES 
Net Commercial, 
In. 


Weight = 
uptolb — + - ~ 





.008 .024 -004 ° 
.009 + .027 005 .015 
010 .030 .005 -015 
O11 .033 006 .018 
012 . 006 


eoocco 


015 ; .008 . 

017 : .009 .027 
018 : .009 .027 
019 -030 
022 : .033 


esos 


026 ‘ .039 
030 .090 .015 -045 
034 -102 -017 -051 
038 .114 019 .057 
042 .126 021 . 063 


esooco 


0.046 . 138 .023 -069 
0.050 -150 .025 .075 
0.054 - 162 .027 -081 
0.058 .174 .029 .087 





Fillet and corner tolerances apply to all meet- 
ing surfaces unless larger radiuses are specified. 


table 77 . . FILLET AND CORNER 
TOLERANCES 





Net Weight 


Commercial Close 
up to Lb 


Radius, In. Radius, In. 





0.3 % 
1 
3 

10 

30 

100 





table 78 . . DRAFT-ANGLE TOLERANCES 





Com- 
mer- 
cial 
Limit 
Max. 





Drop forgings: 
Outside ‘ : 
Inside holes and de- 
pressions: 
Commercial limits 
Close limits 


Inside holes and de- 
Pressions.......... 





draft (Fig. 34). Normal draft or taper on 
exterior surfaces of drop forgings is 7°; 
for interior contours, 10°, because the 
latter may grip the dies during cooling. 
In special cases, and for thin sections, 
where shrinkage will not wedge the forg- 
ing in the dies, a 5° draft may be used. 
On machine and press forging, draft may 
not be required, but commercial practice 
is to allow 3°. 

Die-draft equivalent. . The amount of 
offset that results from applying draft to 
a forging is known as the die-draft equiv- 
alent. Table 75 gives draft equivalents 
for various draft angles and depth of 
draft. 


Fillets and corner radiuses. . Adequate 
radiuses are required where two surfaces 
of a forging meet. Corner and fillet radi- 
uses should be as large as possible to 
assist flow of metal for sound forgings, 
to promote economical manufacture, and 
to avoid cold shuts, die cracking, and 
heat-quench cracking. Figure 35  illus- 
trates minimum corner radiuses and fil- 
lets. Larger values will increase die life. 

Sharp fillets cause formation of cold 
shuts (Fig. 36) which form weak spots, 
because two surfaces of metal have 
folded against each other and may open 
into a crack at heat-treatment. Cold shuts 
are likely to form at fillets in deep de- 
pressions or in deep sections, especially 
where the metal is confined. In such 
cases, larger radiuses are required. 

Forging tolerances. . Sufficient allow- 
ance must be made in the design of the 
forged part for variation in outline di- 
mensions and weight of the finished part. 
These variations are caused by die wear 
and mismatch, or lateral misalignment of 
the two halves of the die. Die wear 
causes the greatest variation in contours 
and planes of and parallel to the parting 
line. In many parts, variations in con- 
tours measured perpendicular to the part- 
ing line will cause large variations in 
weight. These variations can be con- 
trolled only by resinking the die. Mis- 
match is controlled by setup and machine 
conditions. 

Tolerances for impression-die forgings 
up to 100 Ib weight have been established 
by the Drop Forging Association. Thick- 
ness tolerances are given in Table 76, 
fillet and corner tolerances in Tabie 77, 
and draft-angle tolerances in Table 78. 

Width and length tolerances are alike 
and are divided into shrinkage and die 
wear, mismatching, and _ trimmed-size 
tolerances. 

Shrinkage and die-wear tolerances ap- 
ply to dimensions formed within a single 
die block. Neither of them is applied 
separately. The sum of the two is applied 
but not to include draft or draft varia- 
tion. Shrinkage tolerances for the com- 
mercial standard are +0.003 in. per in. 
and for the close standard are +0.0015 
in. per in. Commercial die-wear toler- 
ances are +0.032 in. for the first pound 
of net weight and +0.003 in. for each 
additional pound or fraction of a pound. 
Close die-wear tolerances are +0.016 in. 
for the first pound of net weight and 
+0.0015 in. for each additional pound or 
fraction of a pound. 

Mismatching tolerance is displacement 
of a point formed in one die block from 
its desired position as located from the 
part of the forging formed in the other 
die block. It is measured parallel to the 
main parting plane. For forgings up to 
1 lb the tolerance is 0.015 in. for com- 
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Fig. 37. . Machining allowance and draft 
must be added to forgings. 





0.030 
0.025 
0.020 
0.015 























Total allowance 


05 1.0 15 2.0 
Metal thickness 


Fig. 38. . Coining allowance normally fol- 
lows this chart. 


mercial standard and 0.010 in. for close 
standard. For each additional 6 Ib or 
fraction thereof 0.003 in. is added to the 
commercial tolerance and 0.002 in. is 
added to the close tolerance. 

Trimmed size must fall within the 
limits imposed at the parting plane by 
the sum of the draft angle, shrinkage, 
and die-wear tolerances. 

Trimming allowance. . Drop and press 
forgings usually have flash on the parting 
line that must be trimmed off. Types of 
trim are: normal, close, and loose. In 
some cases a close trim is relatively easy 
to make, but in others it may seriously 
complicate the forging operation. Trim 
loss in weight of material per forging 
varies from a few per cent to a consider- 
able amount, depending on the type of 
material and the forging design. Advice 
from the forging engineer should be ob- 
tained on this matter. 

Machining allowance. . When a forg- 
ing is to be machined, allowance must be 
made for additional metal. If surfaces 
carry draft, the draft is additional to the 
machining allowance (Fig. 37). Forgings 
of normal size ordinarily require machin- 
ing allowance of %¢ in. while large and 
more intricate forgings need say ¥% and 
more. Die wear must also be considered 
in applying machining allowances. The 
greatest amount of die wear occurs on 
the slant of the draft. 

Coining allowance. . Coining may be 
applied to forgings to gain a smooth fin- 
ish and close tolerance. The amount of 
coining allowance to add for coining may 
be taken from Fig. 38. 

Coining has been widely practiced to 
obtain flat surfaces and to hold a dimen- 
sional relationship wth some other fea- 
ture of the part. Knuckle-joint presses are 
employed. 
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Fig. 39. Three common 
types of forging dies. 


FORGING DIES 


There are three principal types of forg- 
ing dies (Fig. 39): 

Single impression—one half of the die 
contains the complete impression; the 
other half is flat. 

Double impression—part of the im- 
pression is sunk in each half of the die, 
but no part of one die extends past the 
parting line into the other die. 

Interlocked—a projection from either 
die extends past the parting line inte the 
mating die. 

Drop-forging dies. . The elements for 
a die block for a drop forging are shown 
in Fig. 40. The forging drawing should 
show the prrting lines, draft angles, fillet 
and corner radiuses, forging tolerances, 
and machining allowances. For drop 
forgings, it is customary to place the 
finish impression at the center if possible, 
because this operation requires the great- 
est force. 

Press dies. . When designed for a forg- 
ing press, dies are frequently of the die- 
set type with guide pins, to maintain 
alignment. Separate die blocks are cus- 
tomarily used for each impression. Press 
forgings are produced from slugs or roll- 
forged billets, the latter reducing the 
amount of work to be done in the press. 
Lifter pins or knockouts help to raise the 
work out of an impression so that it can 
be manipulated into the next impression 
or pushed out of the press. 

Forging-machine dies. . Parts upset in 
a forging machine may require from ore 
to five operations. Tooling consists of a 
pair of rectangular die blocks, one sta- 
tionary and the other moving, and a 
panch slide mounting the required num- 
ber of heading punches. Fig. 41 shows a 
set of dies and punches for producing a 
gear blank in a forging machine. Stock is 
gathered in the bottom impression, upset 
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Die shonk~ 


Fig. 40. . Elements of a die block for drop forging. 


to final dimensions at the center, and 
punched from the bar at the top. The 
wad punched from the center stays on 
the bar and is used in making the next 
piece. 

Definite rules for design of forging 
machine dies to work solid stock have 
been developed by National Machine 
Co.: 

RULE 1. The limit of length of unsup- 
ported stock that can be gathered or 
upset in one blow without injurious 
buckling, is not more than three times the 
diameter of the bar. Three diameters is 
the actual limit, so in practice 2% diam- 
eters is used. This rule holds true whether 
the upset is in the open or in a cavity in 
the punch or grip dies, or both. 

RuLE 2. Lengths of stock more than 
three times the diameter of the bar can 
be successfully upset in one blow, pro- 
vided the diameter of the upset made is 
not more than 1% times the diameter of 
the bar. 

Again the rule indicates the limit. In 
practice 1.3 times the diameter is used as 
the maximum. Since stock will buckle 
near the center, more than half the stock 
should be inside the die cavity at the start 
of the upset. The amount upset by this 























method can be increased by making the 
first impression square or by increasing 
the cavity near the grip die beyond the 
limit. : 

RuLe 3. In an upset requiring more 
than three diameters of stock in length, 
and in which the diameter of the upset 
is 1% times the diameter of the bar, the 
amount of unsupported stock beyond the 
face of the die must not exceed one diam- 
eter of the stock. 

If the diameter of the hole is reduced 
the length of unsupported stock can ‘be 
correspondingly increased. For a 1%-dia 
hole, unsupported stock may be 1% 
diameters. Since this provides limited 
travel of the heading tool, taper upsets 
are frequently used. A good angle of 
taper is 4°. Using a taper, Rule 2 applies 
to the midpoint of the taper. 


COLD HEADERS 


Cold heading is the process whereby 
products like screws, bolts, rivets, and 
similar round-cross-section heads are 
made from wire or rod on a horizontal 
press arranged for continuous fast opera- 
tion and automatic feed and cutoff. The 
cold header merely upsets the end of the 
stock. If a square or hexagon head is re- 
quired, a subsequent trimming operation 
is needed. 

Header dies may, or may not, include 
cavities for shaping the part. Most simple 
head forming is done on the face of the 
die, with the punch cavity shaping the 
head. For countersunk-head parts, how- 
ever, the punch face is flat and the cavity 
is entirely in the die. If two or more 
diameters are required under a head, and 
the differential is greater than obtainable 
by extrusion, the head is formed by the 
punch, and the underhead diameters are 
upset in the die cavity. 

Standard headers are designated as 
single, double, triple, or multiple stroke. 
When two or more strokes are required 
to make the piece, the first. and inter- 
mediate punches are known as containing 
punches and serve to gather the metal 
into approximately a conical shape, al- 
lowing it partially to head next to the die. 





Fig. 41. . Set of dies and punches for producing a gear blank in a forging machine, 
or upsetter. This kind of machine can produce many types of parts, solid and pierced, 
and larger and more complex than the item shown. 
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table 79 . . ALLOWABLE HEAD DIAMETERS IN RELATION TO WIRE DIAMETERS 





Dia Thickness 


Nominal Head, of Head, 
Dia In. In. 


D B H 


Pressure 
Required 
in Tons 
to Upset 


Width of 
Square, 
In. 


A c 


Depth of 
Square, 
In. 





The final shape is obtained in the final 
stroke. 

Allowable head diameters in relation 
to wire diameters are given in Table 79. 

Heading wire. . Open-hearth bright- 
drawn basic wire gives the best results in 
cold heading. The usual tolerance is 
+0.002 in. A good low-carbon heading 
wire has this analysis: 0.14 to 0.20 car- 
bon, 0.30 to 45 manganese, 0.10 silicon, 
and phosphorus and sulfur, 0.04 max. 
High-carbon wire for stock to be heat- 
treated has this analysis: 0.27 to 0.37 
carbon, 0.79 to 0.90 manganese, 0.10 
silicon, and phosphorus and sulfur, 0.04 
max. If there is only a small upset, and 
some machining must be done after 
heading, a low-sulfur bessemer wire may 
be used. 


COLD WORKING OF METALS 


The cold working of metals by com- 
pression consists of four main processes. 
These are, in order of increasing severity 
of metal flow: (1) sizing, (2) flat and 
rotary swaging, (3) coining, and (4) plain 
and impact extrusion. All these processes 
place metal under pressure to cause plas- 
tic flow. 


THEORY OF COLD WORKING 

Study of the stress-strain diagram of a 
metal helps to understand cold-working 
theory. In the elastic range between zero 
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pressure and point A in Fig. 42, the metal 
deforms uniformly with increasing pres- 
sure, according to Hooke’s law. But at 
point A a great increase in strain (de- 
formation) occurs for only a slight in- 
crease in pressure, or stress. This is the 
yield point. Metal that has been stressed 
past this point will retain the shape it had 
at time of pressure release. For example, 
if a piece of steel is cold-worked until its 
length increases 0.100 in., the pressure 
required will be 61,300 psi, or well within 
the plastic range. If the process is inter- 
rupted, and it is again desired to cold- 
form the metal, a new yield point of 
61,300 psi must be surpassed before the 
metal will again flow. 

The plastic range of a metal, say steel, 
can be changed markedly by varying just 
one of the constituents. Fig. 43 shows 
stress-strain curves for four steels with 
different carbon percentages. 

The phenomenon of strain hardening, 
that is, acquiring a higher yield point and 
becoming stronger under cold working, is 
valuable when extruding the shank of a 
bolt on a header. On the other hand, this 
property may limit the amount of cold 
working that can be done on a product 
without annealing. 

The lower the percentage of carbon, 
the better the plasticity in cold working 
(Fig. 43). Yield points for commerciat!v 
annealed steels, with their ultimate 
strength, are given in Fig. 44. It will be 
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Fig. 42. . To cause plastic flow for any of the cold-working processes, the metal must 


be stressed past the yield point A. 
marked effect on working pressure. 


Fig. 43. . 


Carbon content of the steel has a 
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seen that both the yield point and the 
ultimate strength increase directly with 
percentage of carbon. And when steel is 
cold-worked, its strength and hardness 
increase. 


SIZING 


Sizing is the process of finishing 
forged, rolled, stamped, and cold-worked 
parts to the proper thickness by working 
the metal to a fixed dimension. It is done 
between flat, curved, or angular die sur- 
faces on toggle or hydraulic presses. 
Flow of metal is on the surface of the 
piece, and movement is in the horizontal 
direction unrestricted by the dies. Sizing 
not only gives a smooth wear-resistant 
surface, but it is also much more eco- 
nomical to do than milling or shaping. 
Sizing also is more accurate than rough 
milling and wastes no material. 

Sizing allowance. . Small parts may 
have as much as Y%p» in. to size, while 
large parts should not have more than 
Yq in. In addition to the part being sized, 
taere should also be at least two sizing 
stops between the dies to maintain the 
same distance between them on each 
stroke of the press. The stops should be 
located as close as possible to the part, 
to minimize spring in the tools. 

As the amount of flow in the metal 
during sizing is very small, there is no 
need to lubricate the part or the sizing 
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Fig. 44. . Yield Points of commercially 
annealed steels rise with carbon content. 
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Fig. 45 . . Slenderness ratio of a punch 
(length divided by diameter) must be within 
correct limits to avoid wander or breakage. 


surfaces. As a matter of fact, having oil 
films between the part being sized and 
the dies will result in more variation of 
the finished thickness than without them. 


ROTARY SWAGING 


Rotary swaging is a process of shaping 
work with many blows applied by rotat- 
ing dies. The dies (two dies in most cases, 
but four dies on some large machines) 
reciprocate rapidly as the spindle in 
which they are mounted rotates. This 
means that the finished work must be 
round. Swaging is applied to pointing, 
tapering, reducing, sizing, and assembly 
operations. 
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Work can be swaged either hot or 
cold, but it is done cold whenever pos- 
sible because of greater ease of handling 
and superior finish. 


Minimum practical finished diameter 
of swaged work is 0.020 in. 

The maximum finished diameter is 
limited only by the size of the machine, 
the material, amount of reduction, 
whether solid or tube, and whether the 
operation is done hot or cold. Machines 
available are rated up to 6 in. dia for 
tubing; a few have larger capacity. Solid- 
work capacity is about half that for 
tubing. 

Because swaging is a hammering oper- 
ation, it has the same beneficial effect on 
work as forging. It produces a desirable 
grain structure and results in increased 
tensile strength and elasticity. Cold swag- 
ing work-hardens most materials. There 
is no waste except on jobs that require 
trimming on one or both ends. 


FLAT SWAGING 


Flat swaging is the process of reduc- 
ing the thickness of metal between dies 
in a press or header. The process starts 
with a blank as thick as the thickest sec- 
tion of the finished part, and consists of 
reducing the other portions to proper 
thickness. 
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Fig. 46. . Forward extrusion (left) creates metal flow in the direction of punch travel, 
while backward extrusion (right) causes the metal to flow over the punch. 
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In flat swaging, the metal is never 
completely confined. Clearance is used in 
the bottom die. 

Stock used in flat swaging should be 
quarter or half hard to keep the edges of 
the thickest portion of the blank from 
mushrooming downward. 

Pyramiding of pressure. . In flat swag- 
ing and sizing operations, pyramiding of 
pressure occurs with an increasing ratio 
of width to thickness. Pyramiding is 
caused by tool friction and trapping of 
metal at the center of the part by sur- 
rounding metal. If the ratio of width to 
thickness exceeds 10:1, only a feathering 
of the work edges will be achieved. 

Lubrication. . Tools and blanks must 
be well lubricated. For low-pressure jobs 
a coating of tri-sodium phosphate with 
light machine oil is satisfactory. On 
severe work zinc-phosphate coatings with 
a soap film work extremely well. 


COLD EXTRUSION 


There are two methods of cold extru- 
sion: impact and the Hooker process. 

Impact extrusion. . There are three 
variants of the impact extrusion process: 
(1) forward, or direct, wherein the metal 
flows in the same direction as the applied 
force; (2) backward, or indirect, wherein 
the metal flow is opposite to the applied 
force, or back over the punch; and (3) 
opposed, wherein the metal is forced to 
flow simultaneously with and opposite to 
the direction of applied force. 

Hooker process. . A cupped blank is 
used in this process. The blank is placed 
in the die, the punch enters, and pressure 
causes the metal to flow between the nose 
of the punch and the land of the die. 
Both large and small tubing can be ex- 
truded to considerable length, and very 
thin, if required. Copper radiator tubing 
is an example of products made by the 
Hooker process. 

Punch design. . The _ slenderness 
ratio (punch length divided by punch 
diameter) is the controlling factor in de- 
sign of punches for backward extrusion 
(Fig. 45). 

Percentage reduction. . The percentage 
reduction in extrusion is related to the 
malleability of the material. Given the 
projected blank area A and the minimum 
cross-sectional area a of the finished part, 
the percentage reduction can be expressed 


a 
as 00( — ~ )ne practical top limit 
A 


is around 50% for steel. 

Lubrication. . Success in cold extrusion 
of steel was achieved with application of 
zinc phosphate coating to overcome tool 
and work friction. The coating is applied 
to the blank. Oil may be sprayed onto 
the work during the extruding cycle. 
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Rules for steel stampings 


Sheet and strip steel are extremely versatile materials, as 
has been demonstrated during several periods of scarcity. 
Automotive companies, in particular, have been forced to 
make stampings out of any kind of material they could 
get. Part costs went up in proportion to changes in press- 
room practice, welding problems and increased metal- 
finishing costs, but the production lines were kept moving. 

Advantages of steel stampings can be simply stated: (1) 
they are light in weight yet strong, and beads and ribs can 
be formed to add stiffness, (2) they can be assembled 
readily to one another, or to inserts, bushings, etc, by 
welding, riveting, staking and brazing, (3) the parts made 
from a run of stock will be uniform in respect to thickness. 

By applications of the diemaker’s skills, stampings can 


Design of stampings. . If there are 
weight limitations on the piece, consider 
the opportunities for applying beads and 
strengthening ribs. If the part is flanged, 
the beads are generally formed in the 
same direction to facilitate die construc- 
tion. Radii on the beads are generally 





from three to four times the thickness of 


be made extremely accurate in respect to the location of 
holes one to another or to a feature like a shaved edge or 
contour. Many precision parts of camera shutters and 
television receivers, for example, would not be an eco- 
nomic reality if it were not for the close tolerances of 
sheet or strip thickness plus accurate dies. 

Despite steel’s versatility, designers of stampings and 
die designers work to well-established rules. The material 
is carefully selected for forming and drawing character- 
istics, analysis, quality, first cost, and economical use in 
the press shop. In the die-design stage, and when selecting 
a press for the job, definite rules, developed from the 
properties of steel and experience in working it, are 
brought into play. 


Design limitations for holes 


Not less than twice 
metal thickness 
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the steel. A radius of less than four times 
the thickness may tear. 
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Design stampings to resist deformation 


during tumbling or plating, handling in Inches 


Metal Thickness, 
| 
| 
f 


Distance "A" 
Min, inches 





tote boxes, and even during ejection from 
Up to 0.062 


the dies. When the effects of these fac- 


tors are fully considered, it will be found Over 0.062 











0.12 











| 
1 
| 
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Twice Metal 
thickness 


Die wall 








that the stamping will probably be many 
times stronger than end-use requirements. 

Consider how the stamping will be 
made and assembled with other parts. 
Can the steel be drawn or formed satis- 
factorily to the product shape? Must the 
part design be altered to suit die posi- 





tion? Is space available for gun-welder 
tips to reach into the assembly and to 


SQUARE 





make a sufficient number of properly 


spaced spot welds? Inches 


Metal Thickness, 


Distance "B" 


SECTION A-A 





Inch ; - 
poche ae Screw Diometer Diometer 





When you have laid out a design fully, 


in three or more views, have a hand- Up to 0.090 


Size Counterpunch, In. Hole, in. 


0.18 





No.4 0.24 014 





made sample produced for testing pur- 


a Over 0.090 
poses. This is the most reliable method 











Twice Metol 


thickness No.5 0.26 0.15 











of checking the necessary temper and 
thickness of the stock, whether the metal 


No.6 
No.7 


0.29 
0.32 


O17 
018 





—-—+ 





will check or crack during forming, es- 
pecially at the edges. Steel is made in a 
broad range of qualities. The trick is to 
pick the quality that will do the job 
at least cost. 

Die-design tips. . Whether a part is 
made in a series of dies or progressive 
dies, build them to the greatest metal 
thickness allowed by the tolerance. When 
dies are built to the low side of the 
metal tolerance, bends will not be square. 


(A) and (B) The distance between holes No.8 0.34 


0.19 





or between a hole and a trimmed edge is 


governed by stock thickness, hole size, Nos 


0.37 


0.2! 





punch shank size, type of hole and die No.!0 0.40 


022 





steel strength. (C) Hole edges should be Nol2 0.45 


25 





separated from a line normal to the 


metal face and through the center of No.l4 0.50 


0.27 





the radius at a bend by an amount equal 1/4" 0.52 


0.28 





to at least twice metal thickness. (D) 5/6" 065 


0.34 





Standard sizes for counterpunch and hole a 
/ 


diameters. The charted dimensions are for 0.77 


0.40 





screw heads only; when a lock washer is 0.30 


0.46 





used, allowance must be made for the 
washer. 








1.03 








0.53 
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. . Wrought 


Design of blank edges and notches 











oe otetieedieniientieee 


“- Original size ; f 4-New size 


~*~ Stock soving “proposed notch 
(A) Parts should be studied for projecting 
corners or flanges that can be cut off without 
sacrificing strength or welding surface. 


r-RECOMMENDED 


\ 
ts 
' 
' 
' 
1 
' 


‘\._ NOT RECOMMENDED 
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. 


RECOMMENDED-~~ ee * 


~~ 


~A 
NOT RECOMMENDED-* 


(B) Parts cut from strip stock should have 
corners which are partly formed by the edge 
of the stock, sharp and approximately 90 
deg; corners not partly formed by the edge 
should be round, wherever possible. 


C <7- PREFERRED 
». s-ACCEPTABLE 
\ 
“I <=NOT RECOMMENDED 


) 


(C) Feather edges should be avoided to min- 
imize die maintenance. These edges are diffi- 
cult to maintain as they tend to break off in 
the die and thus increase cost and maiunte- 
nance. 





It is generally best to avoid use of several 
parallel right-angle bends. 

If a forming operation is to be gaged 
from a locating pilot through a working 
hole, the pilot must be smaller than the 
low limit of the hole. A hole at the high 
limit will allow a shift of the part in 
th: die equal to one-half the difference 
in diameters. 

Make all forms at an angle no greater 
than 45° to each other and preferably 
parallel. This will minimize fracture of 
ears or Jugs formed parallel to the grain 
of the metal. If forms must be at right 
angles, blank the parts diagonally in the 
strip to avoid forming parallel to the 
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- -Blank 
- ee el 
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RECOMMENDED 


-- — 
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‘Blank 


es oa NOT RECOMMENDED 


(D) To reduce cost of blanking dies, parts 
should be designed so that straight edges can 
be maintained on the flat blanks. 


NOTCHES 
<¢--RECOMMENDED 


A YY 
4 \ 


<<..-—NOT RECOMMENDED 














(A) The radius of the vertex of a notch 
should be as large as possible to prevent tear- 
ing; a minimum of twice metal thickness and 
a 60 deg angle notch is recommended. 
Notches with a sharp “V” at the vertex are 
not recommended as this is where tearing 
usually starts. 





Pad 





= 


N <<<wWotch in blank 


\ 
Distortion caused by forming 


N 


(B) If a notch is to be put in a blank re- 
quiring subsequent forming in the vicinity of 
the notch, allowance should be made in the 
design for distortion that might be caused by 
the forming operation. 








grain. If these practices cannot be fol- 
lowed, it will be necessary to buy premi- 
um-grade steel (cross-rolled) and perhaps 
anneal the blanks before forming. 

If possible, the die side (rounded edges) 
of blanks or stampings should work to- 
gether in a moving assembly. The un- 
avoidable burr on stampings will not 
then interfere with action of a mechan- 
ism, if the above practice is followed. 

All dimensioning should be from base- 
lines established with regard to the func- 
tional requirements of the parts, thereby 
avoiding accumulated tolerances between 
working points. Dimensioning in the sug- 
gested fashion is useful to the diemaker. 


Analyze the required tolerances to 
determine whether they can be held. 
For example, if a formed part must be 
held to a tolerance closer than the varia- 
tion in metal thickness, provision must 
be made for a restrike operation to 
coin the metal, to grind, or, in case of 
holes, to shave or ream. 

Die Clearance. . In die design, clear- 
ance is applied to the punch or the die, 
but never to both. The rules are: 

1. When a slug is being produced, the 
punch must be to size and clearance 
is applied to the die. 

2. When a blank is being produced, 
the die opening is made to size and the 
clearance is applied to the punch. 

For steel, the clearance to be applied 
depends upon its hardness, or temper, 
and its thickness. The over-all clearance 
equals the stock thickness divided by a 
constant. The clearance per side is the 
over-all clearance divided by 2. 


CONSTANTS FOR VARIOUS STEELS 





Steel Constant 





Boiler plate (over M4 in.)...........0.000:- 10 
Soft and medium steel (over 4 in. thick).... 10 





Table 80 gives the over-all clearances 
applicable to sheet and strip. 


table 80 . . STANDARD PUNCH AND DIE 
CLEARANCES 





STOCK SOFT MEDIUM HARD 
THICKNESS STEEL STEEL STEEL 





0006 
0012 
.0018 


0006 
0011 
.0017 
0023 
0029 
.0035 
0041 
0047 
.0052 
0058 
.0064 
.007 
0076 
0082 


0007 
0014 
0021 
0028 
0035 
.0043 
.005 

-0057 
- 0064 
.0071 
.0078 
.0085 
.0093 
.010 

-0107 
.0114 
.0121 
.0128 
.0135 
0142 
015 

0157 
0164 
0171 
0178 


0031 
0037 


.005 
0056 


esooeooseosoooosooocoocoooooooc$°o 
essoeoooooooosoosescoooooeoososo 
essessosoeooooseoososcooosoososoooSo 





The values given in this table apply to over-all 
clearances, or diameters. Stock thicknesses as 
used by industry are in terms of gages or decimal 
thicknesses. In either case, the clearance can be 
interpolated by reference to values tabulated 
above. For clearances “fon a side’, divide the 
given values by 2. 
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Presswork formulas 


Shearing operations. . Estimation of 
pressures is easiest with respect to the 
Shearing operations; namely, shearing 
proper, blanking, punching, piercing, 
notching, trimming and cutting off. Pres- 
sure requirements for any of these op- 
erations depend on the area to be 
severed and the shear strength of the 
steel (see Table 81). The formulas are: 

P=LXt*xS=T7xDxtxs 
where P, = the shear resistance, in tons; 
L = the length of cut, in.; t — the 
thickness of steel, in.; §S — the shear 
strength of the steel, tons per sq in., and 
D = the sum of diameters of openings. 

Severance is obtained usually by pene- 
tration of the cutting edge less than half 
way through the material, although it 
may range from 40 to 70%, the latter 
for very soft material. 

Stripping load is 342% of P,. 

Dull edges on the cutting tools may 
increase the shearing pressure by 25%. 

If the punches are stepped, or shear is 
used on the die, the cutting pressure will 
be reduced. 

Bending operations. . To bend steel, it 
must be subjected to stresses in the 
plastic range. Generally, it is assumed 
that compression stresses at the inside of 
the neutral plane and the tension stresses 
at the outside are equal to the ultimate 
tensile strength of the material. Formulas 
are: 

Edge bends— 

1x £2 
ry =—_— yf 5, 
2W 

Free V-bends with centrally located 
load— 

1 x f 
P, = —— x §, 
Ww 
Channel and U-bends— 
21x 
I ie: ademas. ot 1g 
Ww 
where P,, = bending force, tons; ] = 
length of bend, in.; ¢ = stock thickness, 
in.; W = width of unsupported metal, 
in., and S, = ultimate tensile strength of 
the steel, tons per sq. in. 

For U-ing and channel bending, presses 
are often equipped with die cushions. 
If so, the resistance of the cushions must 
be added to the pressure found by the 
formulas. 

Drawing. . To draw steel into a cup o: 
shell, the metal must be caused to flow. 

In producing round shells without 
flange, the factors that govern the pos- 
sible height of single-operation drawing 
of a shell are: 

1. Ratio of height to diameter of shell. 

2. Ductility of the material. 

3. Corner radius. 


t 


; Design of flanges 


A Twice metal thickness -—- 
(minimum) 1 


























(A) Tapered flanges should be cut off so that 
the narrowest section will be at least twice 
metal thickness measured from the radius 
center. 


Twice metal thickness--~ 
(minimum) . a 


. 
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\ 
a a a AT a a a 
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(B) Outside flanges and flanges around open- 
ings should have a height of at least twice 
the metal thickness measured from the radius 
center. This serves two purposes: 1) eases the 
forming of the lip, and 2) provides a surface 
for attaching covers and other members. 


























hee © med 





(C) Where flanges extend over only a portion 
of a part, it is desirable to punch a notch or 
hole in the end of the flange to eliminate 
tearing of the metal. This is also a method of 
reducing stress concentration factors at the 
intersection of the two surfaces. 


When drawing a round shell (without 
flange) in one operation, the maximum 
ratio of height divided . y diameter may 
vary between % and a possible %, de- 
pending on the corner radius and ductil- 


table 81 . . STRENGTH OF STEELS 
(TONS PER SQ IN.) 


ae 





Tensile Shear 
Yieid Ult 





Hot rolled: 
Nos. 4 to 18 ga.... 15 
Nos. 19 to 24 ga.. . 
Cold-rolled: 


Sh 
Dead Soft... 
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D Twice metal thicknes -~--9 
(minimum ; 


‘ 


“R 





(D) Flanges left by trimming should have a 
width of at least twice the metal thickness 
measured from the radius center. 


¢----Formed after 

\ trimming 
<----Shorp edge ‘ 
" 


f . 
(E) Where a sharp edge is not objectionable 
on a drawn part, the flange may be trimmed 
close. (F) Flanges can be eliminated on some 


drawn parts by adding an operation to form 
them up after trimming. 


‘ 
a 
\ 























7 PREFERRED 


GA SECTION A-A 


(G) Notch the corner of a hemmed edge to 
eliminate gathering of the metal in the flang- 
ing operation. 


ity of the material. A generous corner 
radius helps to secure greater height in 
one operation, while too small a corner 
radius may cause the shell to fracture 
at the radius. Soft, ductile material will 
permit drawing to a greater height. 

In general, materials such as deep- 
drawing steel, annealed sheet steel (SAE 
1005-1015), anc dead-soft cold-rolled 
strip steel (SAE 1010-1020) will allow 
drawing to a maximum height in one 
operation. Other less ductile steels may 
require one or more pre-cupping oper- 
ations; that is, additional drawing dies 
for gradually reducing the blank to the 
diameter required, and possibly anneal- 
ing between operations. 

Corner radius of the shell has a con- 
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table 82 . . DRAW-REDUCTION RATIOS FOR ROUND SHELLS 


(Without F 


Shell height =inside height of shel! 


lange) 


Shell diameter =inside diameter of shell plus one thickness of material 





Height- % Blank 
Dia. Reduction Draw 


Ratio of Dia. Ratio 





1.02 
1.03 
1.05 
1.07 
1.09 
1.11 
1.13 
1.15 
1.16 
1.18 
1.20 
1.21 
1.23 
1.24 


$1.8 
52.1 
52.4 
52.6 
52.8 
53.0 
53.2 
53.4 
53.6 
53.8 
54.0 
54.2 











How to use table: Divide height of shell by dia 


meter; find corresponding ratio in col. 1; 


Percent reduction is given in col. 2 (use to determine number of reductions required); Blank- 


draw-ratio is given in col. 3 (blank-draw ratio ti 


approximately). 


siderable effect on the possible height 
of single-operation drawing. Corner radi- 
us should, when possible, be specified at 
a minimum of four times thickness of 
material when the height of the shell 
exceeds one-third of the diameter. When 
a smaller radius is specified, additional 
drawing or flattening operations may be 
required. In no case should the corner 
radius be less than thickness of material 


104 


mes shell diameter equals blank diameter 


when attempting a one-operation draw. 

When ihe ratio of “height divided by 
diameter” exceeds %, it will be neces- 
sary in most cases to reduce the flat 
blank to the finished shell by using two 
or more draw dies of proportionately 
decreasing diameters. In some cases, one 
or more annealing operations will be 
necessary between first and finish draw 
operations. 


Determination of the number of re- 
ductions necessary to draw a shell with 
ratios (height divided by diameter) great- 
er than % cannot be done by hard and 
fast rules. In general, for ductile mate- 
rials, with generous corner radius in the 
shell, the requirements are: 

1. Height equals % to 1% times the 
diameter of the shell—two reductions 
will be required. 

2. Height equals 1% to 2 times the 
diameter of the shell—three reductions 
will be required. 

3. Height equals 2 to 3 times the 
diameter of the shell—four reductions 
will be required. 

Finish of edge depends on the “height 
divided by diameter” ratio and on the 
material being drawn. For relatively 
shallow sheils where the “height divided 
by diameter” ratio is not over 1/3, it is 
possible to produce an edge within com- 
mercial tolerances without requiring fin- 
ishing operations. That is, the height 
and uniformity of the edge depends on 
the size of blank used. For higher shells 
it is not possible to do this, and one of 
the following finishing operations will be 
required: 

1. Flange trim and finish draw. 

2. Pinch trim. 

3. Machine trim. 

4. Wedge or “shimmy”-die trim (not 
suitable for small quantities). 

Table 82 gives a simple means of 
determining percentages of draw reduc- 
tion and the flat-blank diameter. This 
table can be used only with round, 
straight-sided shells or cups. 

Draw beads. . The pressure required 
to hold the steel blank flat while deep- 
drawing round work varies from zero 
for relatively thick blanks, up to a 
third or a half of the drawing pressure. 
When the blank-holding pressure exceeds 
a third of the drawing pressure, it is 
best to use draw beads to permit the 
blank-holding pressure to be decreased. 

Mechanical grip on the edges of 
blanks, as obtained in toggle and cam 
presses is, for practical puposes, positive 
and non-yielding. It is desirable for 
domed and tapered shallow shapes and 
for shallow stretching, especially where 
draw beads must be stamped to help 
grip the metal. 

Rubber bumper pressures may be ap- 
p.oximated at 10 psi of area per 1% 
of compression. More uniform pressures 
and more convenient control of pressures 
are obtained with die cushions. Pneu- 
matic die cushions may be selected on a 
basis of 100 psi of piston area, maxi- 
mum; hydro-pneumatic cushions for 
drawing purposes can be selected on a 
basis of about 500 psi. 

The total per cent reduction accom- 
plished between annealing operations, 
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whether in one or more operations, 
should be kept within the percentage 
of reduction in area established by ten- 
sile tests of the properly annealed steel. 

Drawing compounds for steel. . Good 
drawing practice on steel requires that 
the scale be removed and the surface be 
slightly roughened by pickling, while 


avoiding hydrogen embrittlement. In se- 
lection of the drawing compound, con- 
sider both the severity of the operation 
and need for lubrication. A good lubri- 
cant permits wide variation in other 
job considerations. Compounds for most 
automobile body forming and shallow 
draws on low-carbon steel are: 


1. Mineral oil of medium-heavy to 
heavy viscosity. 

2. Soap solutions (0.03 to 2.0%, high 
titer soap). 

3. Fat, fatty oil or fatty and mineral- 
oil emulsions in soap-base emulsions. 

4. Lard oil or other fatty oil blends 
(10-30% fatty oil). 


Welding becomes indispensable 


In modern Metalworking, welding wins in a walk as 
first-choice method for joining steel parts. The process 
you select—gas, arc or resistance—is mostly a matter of 
economics, but of course product considerations have a 
bearing. 

For maintenance work you will use either gas or arc 
welding. And for low production or job-lot quantities, the 
decision will probably be the same. But the nature of the 
product enters the picture when you talk about mass 
production. 

An automobile frame would hardly be resistance 
welded. So far gas welding has been successful, but ex- 


periments with automatic arc welding have been costly. 
On the other hand, to make a steel cabinet by gas or arc 
welding may be too slow. Spot welding alone may not 
suffice. You might have to go to carefully designed fix- 
tures, a merry-go-round and gun welders to get com- 
petitive costs. 

The nature of the product—sheet steel, plate, structural 
members, forgings—plus the quantities must be taken into 
consideration. As with other metalworking processes, the 
choice of method depends on a number of factors, not 
the least of which is the quality of tool engineering 
applied. 





Arc welding of steels 


Molten steel has a strong affinity for 
oxygen and nitrogen. Therefore, all gen- 
erally used welding methods shield the 
arc and molten pool, to prevent weld em- 
brittlement by oxides and nitrides. In the 
most generally used process, metal arc 
welding, the metal electrode is covered 
with a chemical coating that burns to 
form a gaseous cloud that shields the 
molten metal from the atmosphere. 

Preheating the work. . When the car- 
bon content of the steel is high, the work 
should be preheated to 450 to 650 F, in 
order to control the rate of cooling. 
Otherwise, cracking in the metal adjacent 
to the fusion line is likely to occur. 
Sometimes, this effect can be avoided by 
use of the newer low-hydrogen elec- 
trodes. 

Electrode selection. . There are two 
aspects to selection of electrodes for 
welding steel: (1) analysis of coating and 
core wire, and (2) electrode diameter. 

Electrode type—It is necessary to 
know: 

1. Position in which the work is to be 
welded. , 

2. Type and thickness of metal used. 

3. Work preparation with regard to 
fit-up. 

4. Type of welding current. 

5. Class of work; that is, whether chief 
essential is deep penetration, surface 
quality, required physical properties or 
code requirements. 


Mild and low-alloy steel electrodes 
are classified with a numbering system 
for simple identification. E6010 is a typi- 
cal four-digit classification number. Pre- 
fix E designates a metal arc-welding elec- 
trode. The first two digits stand for the 
minimum allowable tensile strength of 
stress-relieved deposits in terms of thou- 
sands of pounds per square inch. The 
third digit stands for the welding position 
in which the electrode will make a satis- 
factory deposit, while the last digit indi- 
cates various arc characteristics, among 
which is polarity. 

Since at least 90% of all arc welding 
is done in mild steel, the following de- 
scriptions of mild steel electrode types 
are included. The significance of the vari- 
ous classification digits as explained for 
these electrodes is consistent throughout 
the E70-80-90 and 100 series of steel 
electrodes. Tables 83 and 84 give classifi- 
cation characteristics for steel electrodes, 
and current requirements. 

Types E6010-E60i11—These general- 
purpose electrodes possess high average 
mechanical charac‘eristics. 

E6010 is best suited for dc, electrode 
positive. In sizes %g-in. and smaller, it is 
suitable for use in all positions. It has 
deep penetration qualities and is used 
satisfactorily on square-groove butt 
joints. There is small slag; the weld metal 
has excellent quality, including corrosion 
resistance. Some applications are welding 
machinery, and jigs and fixtures. 
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E6011 electrode is similar to E6010 
but is designed for ac or dc operation in 
all positions. The E6011 electrode is well 
suited for making vertical and overhead 
fillet and butt welds, and it is generally 
recommended if welding must be done 
with ac when the structure cannot be 
placed so that the metal can be deposited 
in flat or downhand position. Deposited 
metal has good strength, high elongation 
and excellent corrosion resistance. Appli- 
cations are the same as for E6010. 

E6012 electrode has a heavy coating, 
is used with dc (electrode negative) or 
with ac. Sizes of %g¢-in. and smaller are 
suitable for all positions, and in larger 
sizes for welding in flat positions. Elec- 
trode may be used for fillet welding, 
single or multiple pass, and for butt 
welds of the V-groove or U-groove type. 
Due to deposition characteristics and 
ability to build up, it is used to fill gaps 
in cases of poor fit-up. 

Arce of E6012 is less penetrating than 
E6010 and E6011 but adequate for rela- 
tively poor fit-up. Melting rate is higher, 
spatter lower than E6010 or E6011. It is 
ideally suite,i for horizontal and flat fillet 
welds, can be used on steel having poor 
welding action with electrodes producing 
greater penetration. Because it does not 
penetrate deeply, it is used in cases where 
an inwash of a base metal is not desirable 
or required. It produces a somewhat con- 
vex bead. Some applications are welding 
sheet metal ducts, tanks, machine guards, 
and structural work. 
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E6013 has penetration similar to 
E6012, works well for poor fit-up, but is 
more suitable for light-gage metals. Bead 
has a tendency to be convex in horizontal 
fillets. Applications are similar to E6012. 

E6015 electrode consists of rimmed- 
steel core wire with covering of carbonate 


. . Wrought 


of soda and lime type plus other com- 
pounds low in hydrogen. This electrode 
is slightly more difficult to use than pre- 
vious types because a shorter arc must 
be maintained. 

This de, reversed-polarity electrode was 
developed for welding higher strength, 


table 83 . . ELECTRODE CLASSIFICATIONS 





Welding 
Posi- 
tionst 


Cover- 
No ing* 


Current 
Typet 


Welding 
Posi- 
tionst 


Current 
Typet 


Cover- 
No. ing* 





E45 series—min tensile 45,000 psi 


E4510 Light 1 
E4520 Light 2,3 


E60 series—min tensile 62,000 psi 


E6010 
E6011 
E6012 
E6013 
E6015 
E6016 
E6020 
E6030 


1 
1 
1 
1 
1 
1 


2,3 
3 
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E70 series—min tensile, 70,000 psi 
E80 series—min tensile, 80,000 psi 
E90 series—min tensile 90,000 psi 
E100 series—min tensile 100,000 psi 


Exxl0 
Exxll 
Exx13 
Exx15 
Exx16 
Exx20 
Exx25 
Exx26 
Exx30 


1 
1 
1 
1 
1 
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*Covering 
No Type 
1 High-cellulose sodium 
High-cellulose potassium 
High-titania sodium 
High-titania potassium 
Low-hydrogen sodium 
Low-hydrogen potassium 
7 High-iron oxide 
tWelding positions: 
No. Symbol 
1 F, V, OH. H 
2 C-fillets 
3 F 
where F =flat, H =horizontal, H-fillets =horizon- 
tal fillets. 
) for electrodes % in. and un- 
V=vertical 
OH mre | 


der, except in Exxl5 and 


Exxl6, 54 in. and under 


tCurrent type: 
Symbol 


A For use with dc reversed polarity 
(electrode positive) only. 


Current and Polarity 


B For use with ac or dc, reversed polarity 
(electrode positive). 

For use with ac or dc, straight polarity 
(electrode negative). 

For use with dc, reversed polarity 
(electrode positive) only. 

For use with dec, straight polarity 
(electrode negative), or ac for hori- 
zontal fillet welds; or ac for flat - 
position welding. 

For use with dc, either polarity, or ac. 

Not specified, but generally dc, straight 
polarity (electrode negative). 





table &4 . . CURRENT AND VOLTAGE RANGES FOR VARIOUS ELECTRODES 





E6010—7010—8010-—9010-10010 


E6015-6015-8015-9015-10015 





Electrode, Current, Voltage, 
Amp Arc 


Electrode, Current, Vol % 
Dia, In. Amp Arc 





20 to 40 20 to 22 
25 to 60 20 to 22 
30 to 80 22 to 24 
80 to 120 24 to 26 
120 to 160 24 to 26 
140 to 220 26 to 30 
170 to 250 26 to 30 
20€ to 300 28 to 32 
250 to 450 28 to 32 


70 to 110 20 to 22 
100 to 150 20 to 22 
135 to 200 21 to 23 
160 to 240 22 to 24 
260 to 320 23 to 25 
300 to 375 24 to 27 
350 to 450 24 to 28 





E6012-—7012-8012-9012-10012 


E6020-7020-8020-9020-10020 





Electrode Current, Voltage, 


Amp Are 


Electrode 


Current, Voltage, 
Dia, In. 


Amp Arc 





20 to 40 17 to 20 
20 to 60 17 to 21 
30 to 80 17 to 21 
80 to 130 18 to 22 
120 to 180 18 to 22 
140 to 250 20 to 24 
170 to 300 20 to 24 
200 to 400 20 to 24 
250 to 500 22 to 26 


100 to 140 24 to 28 
120 to 180 26 to 30 
175 to 250 30 to 36 
200 to 325 30 to 36 
250 to 400 30 to 36 
350 to 450 32 to 38 





high-carbon, alloy steels in which the 
ordinary coverings produce “underbead 
cracking” in the unfused parent metal, 
usually just below the center of the weld 
metal. Elimination of the hydrogen per- 
mits the welding of “difficult to weld 
steels” with little or no preheat, thus 
making for better welding conditions. 
Many of the newer high-tensile steels re- 
quire the use of classification E6015 
electrodes. 

Another use for the E6015 electrode is 
the welding of high~sulfur (0.10 to 
0.25%) steels without difficulty. The 
ordinary electrode deposit on these steels 
is badly honeycombed. 

E6015 electrodes up to and including 
540-in. are used in all positions; larger 
diameters for fillet welds in horizontal 
and flat positions. 

Other uses for E6015 electrode are 
welding of armor plate, spring steels, and 
the mild-steel side of clad plates. Another 
extensive use is welding of steels that are 
subsequently enameled and in all those 
steels which contain selenium. 

E6016 electrode has all of the charac- 
teristics of the E6015 classification. Coat- 
ing includes a certain amount of potassi- 
um silicate or other potassium salts to 
facilitate use on ac. 

E6020 and E6030 electrodes have 
heavy coating, can be used with de with 
either positive or negative polarity and 
can also be used with ac. They are used 
in the flat position, but under special con- 
ditions as to setup, such as 30° from ver- 
tical, it may be used. for fillet welding 
downward. They are used for fillet or 
butt joints of the V-groove or U-groove 
types, flow readily with a heavy slag 
covering the weld, produces a _ very 
smooth bead, slightly concave, and in 
some cases very concave. 

There is exceptionally low spatter loss 
with E6020 and E6030 electrodes. They 
give fine performance for single-pass 
fillet welds where strength is not based 
on the size of the fillet but upon the 
actual amount of the fused base metal. 
Fit-up must be good to realize the full 
strength and elongation. Applications 
are: production welding of ships, oil-field 
equipment, pressure vessels, machine 
bases, and fabricated I-beams and 
girders. 


Gas welding and flame 
cutting of steels 

The gas welding and oxygen cutting 
processes, while seemingly opposite in 
results, are actually closely related. The 
same gases are used in both groups of 
processes; much of the equipment is 
common. 

Oxyacetylene flames. . The oxyacety- 
lene flame is most generally employed for 
both welding and cutting, because the 
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required gases are almost universally 
available in transportable cylinders. 

Combination of oxygen and acetylene 
in correct proportions in a properly de- 
signed torch results (when ignited) in a 
flame with a temperature of about 6300 
F, This combustion reaction releases 
1433 Btu per cu ft. Combination of high 
temperature and heat content enable the 
flame to melt or fuse the steel locally. 

Flame adjustments. . Three flame ad- 
justments have practical significance: the 
neutral flame, the excess acetylene flame, 
and the oxidizing flame. 

The neutral flame, is attained when ap- 
proximately equal volumes of oxygen and 
acetylene are burned at the torch tip. It 
is characterized by a sharply defined 
inner luminous cone surrounded by a 
pale bluish outer envelope. The highest 
temperature occurs at the end of the 
inner’ cone where primary combustion 
takes place. Oxygen for primary com- 
bustion comes from the cylinder. The 
outer envelope provides a reducing at- 
mosphere and is of lower temperature 
since it is the secondary combustion 
zone. When in doubt, it is wise to start 
with a neutral flame for either welding 
or cutting. 

The excess acetylene flame is secured 
by admitting more acetylene than is em- 
ployed for a neutral flame. It is charac- 
terized by a brilliant incandescent 
streamer burning at the end of the inner 
cone. The degree of excess acetylene ad- 
justment is determined by the size of the 
streamer with relation to the inner cone; 
that is, with a 2X excess acetylene flame, 
the total length of the -streamer from 
torch tip to end of the streamer is twice 
the length of the normal inner cone. Ex- 
cess acetylene flames, in adjustments up 
to 14%2X, are used extensively to avoid 
oxidation when welding steel with the 
low-alloy welding rods. 

The oxidizing flame is characterized by 
a sharp inner cone somewhat shorter 
than the normal neutral flame inner cone. 
It is obtained by using more oxygen than 
is needed for a neutral flame. However, 
it is generally adjusted by first securing 
a neutral flame and then reducing the 
amount of acetylene until the desired 
condition exists. In welding, this flame 
adjustment should be avoided on steels. 

Mechanized welding and cutting. . The 
principal applications of machine gas 
welding are pressure welding and tube 
welding. Pressure welding is a butt-weld- 
ing operation in which the oxyacetylene 
flames are used to bring the pieces to 
fusion temperature and pressure com- 
pletes the weld. In open butt pressure 
welding, the flames play upon the sur- 
faces which are subsequently brought in 
contact and fused; closed butt pressure 
welding involves keeping the pieces in 


tight contact during the heating period. 
Tips for these operations usually employ 
a multiplicity of small flames and are 
water-cooled. Oxygen and acetylene re- 
quirements are very high. 

Gas-welding techniques. . The per- 
formance of gas welding involves two 
techniques: forehand welding and back- 
hand welding. The latter is generally 
preferred for steel. 

Backhand welding. In backhand weld- 
ing, the torch points back at the com- 
pleted weld and the rod is interposed be- 
tween the torch and weld. Relatively 
small movements of the torch suffice to 
distribute the heat on the edges of the 
joint. Distribution of the welding rod 
may be secured by a slight “rolling” of 
the rod or vertical “in and out” move- 
ment in the line of the rod. Since there 
is less manipulation in this method, nar- 
rower V’s are preferred, normally 60°. 
Most steel welding and pipe welding can 
be best accomplished with the backhand 
technique. 


Welding rods 


Steel welding rods. Oxyacetylene 
welding rods are covered in ASTM-AWS 
“Tentative Specifications for Iron and 
Steel Gas Welding Rods,” ASTM desig- 
nation A251-46T, AWS _ Designation 
A5.2-46T. Six classifications are: GA65, 
GA60, GA50, GB65, GB60 and GB45. 
The significance of the symbols is as fol- 
lows: G—gas welding rods; A or B— 
the index of relative ductility of weld 
deposit where A is higher than B—num- 
bers (65, etc.) are the first two digits of 
the value of the tensile requirements as 
measured on all-weld-metal specimens, 
stress relieved. Rods of the GA60 classi- 
fication are considered the best for pro- 
ducing quality welds and are generally 
of low alloy composition. The common 
low carbon (0.06% C max.) steel weld- 
ing rods are classified as GASO. 


Welding procedures 


Steel. . Low-carbon, (0.3% C max.) 
and low-carbon, low-alloy steels are 
readily oxyacetylene welded by forehand 
or backhand techniques. Preheating is 
not normally necessary unless base-metal 
analysis requires such treatment, or am- 
bient temperature is below 32 F, or mass 
of parts indicates the necessity. 

Oxyacetylene welding of steels may be 
performed in all positions—flat, horizon- 
tal, vertical and overhead. It is generally 
necessary to reduce heat (over that used 
for flat position) for vertical and over- 
head welding by selection of smaller tip 
size or reduction of operating pressures 
on tip (reduce pressures only within the 
operating range for tip as specified by 
manufacturer). 
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It is standard practice to select filler 
metal on the basis of mechanical proper- 
ties. The GA60 rods provide most reli- 
able results for welding most carbon and 
alloy steels. The GASO and GB45 rods 
have lower properties, cost less, but are 
used extensively. Rods of the GA65 or 
the GB65 classifications are used for 
welding higher-strength carbon and alloy 
steels. 

The braze welding technique is used 
on steel assemblies when it is necessary 
to control distortion. However, braze 
welding finds extensive application in the 
joining of sheet steels, including galva- 
nized steels. Preferred rods are manga- 
nese bronze and low fuming types with 
suitable braze welding flux. In the case 
of galvanized iron, liquid fluxes and flux- 
coated bronze rods are used. 


Oxygen cutting 


If :ron is heated to about 1500 F, and 
brought in contact with high-purity oxy- 
gen, the metal will burn rapidly with evo- 
lution of much heat. Theoretically, the 
combustion process is self-supporting; 
in actual practice, continuous preheating 
is necessary. This preheating is secured 
from oxyacetylene, oxyhydrogen flames 
or other fuel gases burned with oxygen; 
or from an electric arc drawn between a 
hollow shielded arc electrode or a hollow 
carbon electrode. 

The purity of the oxygen used for cut- 
ting is of the greatest importance. A re- 
duction of oxygen purity from 99.5% to 
99.0% —only 0.50%—<can resuit in a re- 
duction in cutting efficiency of as much 
as 10%. 


Cutting procedures 


Oxygen cutting. . Manual oxygen cut- 
ting of iron and steel is a simple opera- 
tion. Correct pressures for oxygen and 
acetylene for any given job may be found 
in tables provided by manufacturers. 
After the preheating flames have been 
adjusted to the neutral condition, the 
cutting oxygen stream should be turned 
on and the flames checked to make cer- 
tain that the neutral condition is main- 
tained. If the flame changes, it should be 
readjusted with the cutting oxygen stream 
flowing. 

Oxygen cuts are preferably started at 
the edge of the metal, with the torch and 
tip positioned at 90° to the surface. Pre- 
heating flames are held about %g¢ in. 
above the edge surface. When the metal 
becomes bright red, the cutting oxygen 
stream is turned on. Immediately, a kerf 
is created under the heated spot by oxy- 
gen burning the iron. If the torch is 
moved along the desired line, the piece 
will be severed. Uniform steady move- 
ment is essential to the production of 
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good manual cuts. Straight edges or other 
guides may be used to assist in producing 
the required degree of accuracy. 

When it is necessary to make internal 
cuts away from an edge, it can be ac- 
complished by starting at a drilled hole 
or a hole may be pierced with the torch. 

Bevel cutting proceeds in much the 
same manner as straight cutting, except 
the effective depth of cut is increased for 
a given metal thickness. This requires 
that greater pressures and slower travel 
speeds be employed. 

Machine gas cutting is fundamentally 
the same as the manual operation. How- 
ever, the fact that the torch is held 
steady and traverses at a uniform speed 
results in cuts of higher quality. With 
special heavy-duty water-cooled equip- 
ment, machine cuts have been made in 
thicknesses up to 72 in. 

Stack cutting. . Cutting through an as- 
sembly of many thin plates, held sub- 
stantially in a compact bundle, is possible 
because machine gas cutting produces 
smooth accurate cuts. If the stack is made 
up of sheet-metal thicknesses, it is good 
practice to apply heavier “waster plates” 
top and bottom to preserve sharp edges 
on the thin sheets. 


Resistance welding 
of steels 


Weldability of steels. . Response of 
various metals to resistance welding and 
their limitations may be understood from 
the following notes: 

Low-CaRBON STEEL. The metals most 
commonly resistance welded are low-car- 
bon steels between 0.10 and 0.15% in 
plate, sheet, rod, wire or extruded form. 
Plates and sheets may be spot welded in 
thickness from 0.001 to 1.0 in., or seam 
welded in thicknesses from 0.001 to 
about % in. 

Projection welding is satisfactory for 
parts ranging from 0.010 to % in. in 
thickness, and for wire and rod in sizes 
from 0.002 to 1.0 in. dia. Also, low-car- 
bon steel products of from 0.015 to 0.40 
in. thick may be flash welded with proper 
equipment. 

Low-ALLOY AND TRADE-NAME STEELS. 
Many well-known special steel alloys re- 
quire special welding techniques because 
of hardening of constituent alloys in the 
steel. Because of this hardening, sequenc- 
ing controls are required in the welder, 
so that post heat-treatment can be per- 
formed. 

HEAT-TREATABLE STEELS. Alloy steels 
and high-carbon steels can be easily 
welded, provided that a special type of 
heat-treatment is performed immediately 
after welding. Parts having a high-speed 
steel section flash-welded to a low alloy 
section are usually removed to a furnace 
for tempering and avoidance of cracking. 
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Resistance welding 
processes 


In resistance welding, the welding heat 
is generated by resistance of the parts to 
passage of electric current, and mechani- 
cal pressure is employed to forge the 
heated parts together. No fillers or fluxes 
are used. 

PROCESS CLASSIFICATIONS. The two 
major classifications of resistance weld- 
ing processes are: 

Lap welding, comprising three meth- 
ods: 

1, . Spot welding—Current is passed 
through the overlapped parts by elec- 
trodes that contact opposite sides of the 
work and apply pressure. 

2. . Seam welding—Roller electrodes 
or wheels pass along the overlapped 
joint, transmitting current and pressure 
to make a series of overlapping spot 
welds. 

3. . Projection welding—Projections or 
embossings on one or both work-pieces 
act as localized current paths, and when 
these projections reach welding tempera- 
ture the flat-faced electrode forces the 
parts together. 

Butt welding consists of two methods: 

1, . Upset butt welding—Current car- 
rying dies grip the butted pieces under 
end pressure, and when the ends are 
sufficiently heated the weld is made by 
push-up pressure. 

2. . Flash-butt welding—The gripper 
dies hold the pieces together lightly at 
first, or strike an arc, and when the ends 
are molten the application of push-up 
pressure forces out the molten metal and 
makes a weld in the material behind. 

Spot-welding applications. . Joining 
thin to medium thick parts either of simi- 
lar or dissimilar metals; tacking assem- 
blies prior to furnace brazing or arc 
welding. Used for products like cabinets, 
and sheet metal assemblies. 

Three general types of joints: (1) coach 
joint—joining flanges formed at a 90° 
angle; (2) lap joints—weld placed in 
center of overlapping edges; (3) butt 
strap joint. 

Pulsation welding, a variant of spot 
welding, permits increased electrode life 
from water cooling in off-time cycles; 
can weld thicker sections in production 
using same equipment; scaly steels and 
oxide coatings can be penetrated by pul- 
sation; high carbon and other brittle 
steels can be welded and then annealed. 

DISADVANTAGES. Thickness limitations 
vary from % to 1 in. thickness (two 
sheets) depending upon the alloy type. 
Weldability also limited by factors such 
as low electrical resistance and high heat 
conductivity. Requires flanges and over- 
laps of proper design for accessibility and 
maximum weld strength. 


Nugget size. . Electrode tip size con- 
trols weld nugget size. As rule of thumb, 
tip diameter = (0.1 + 2 X sheet thick- 
ness). 

Pressure = 6000 x (two thicknesses). 

Seam-welding advantages. . Used 
where long linear welds or spaced multi- 
ple shots are desired. Large sheet weld- 
ing, tube welding and similar products. 
Parts manufactured in large volumes are 
especially adapted to automatic feed. 
Some small parts requiring continuous 
seams. Parts that require liquid or gas- 
tight seams. 

There are three types: (1) continuous 
—gas- and water-tight weld made by con- 
tinuous wheel rotation and uninterrupted 
current; (2) overlapping—more stable 
than continuous; made by interrupting 
current so individual overlapping spot 
welds form; (3) roll spot welds—appear 
like carefully spaced spot welds, made by 
interrupting current for longer intervals 
between welds. 

Design consideration. . As a rule of 
thumb, to produce a gas tight weld use 
spacing ranging from 12 spots per in. 
with a welding speed of 12 fpm for light 
gage to 8 spots per in. with a welding 
speed of 2 fpm for heavy gage. 

Projection-welding advantages. . Pro- 
jection welding usually performed in 
multiples. High production speeds and 
good joint strengths provided that design 
of projections are within recommended 
practices. Used in joining sheet to sheet, 
sheet to tube, sheet to solid bar or wire 
and previously formed sections. 

Design considerations. . For a given 
thickness of stock there is an optimum 
height and diameter of projection. They 
should be round or as close to it as pos- 
sible. There are three common types: 

1. Button—used in flat sheets with 
thickness from 24 to 13 gage, or 0.025 
to 0.0937 in. thick. 

2. Cone—more rigid than the button; 
used in flat sheets from 12 to 5 gage, or 
0.01093 to 0.218 in. thick. 

3. Spherical—used in heavier sections 
and forgings. 

Butt welding. . 

Upset METHOD. . Limited to relatively 
condensed sections, however can be used 
in joining tubes, bars, etc. This process, 
because of its limitations, has been large- 
ly superseded by flash butt welding. 

FiasH METHOD. . More widely used 
than the upset butt method because it can 
also weld sheets and other extended sec- 
tions. Other advantages include greater 
weld strength, smaller power demand, 
less power consumption, greater speed, 
less heat developed in the body of the 
work, special preparation of weld sur- 
faces not required, can join dissimilar 
metals varying widely in individual fus- 
ing temperatures. 
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How steel is cleaned and finished .. . 


One of the most striking changes in metalworking prac- 
tice in the last 15 years is the emphasis on cleaning and 
finishing. Automatic cleaning and plating lines, some 
worth millions of dollars in themselves, are found in 
automotive plants, for example. And the methods of 
applying finishes—lacquers, enamels, and _ specialized 
coatings—have been revolutionized. 

The current care with which steel parts are cleaned 
and finished is not based solely on consumer require- 
ments. In-process cleaning, not once but several times, 
may be necessary. These steps may take place between ma- 
chining processes, after heat-treating, and of course before 
phosphate coating, galvanizing, enameling, plating, etc. 

Removal of rust and scale is one aspect of cleaning. 
But finely finished parts must be protected against rust- 
ing while in process or storage. Hence, removal of 
applied protective materials is another aspect of clean- 
ing. Dirts, oils, drawing compounds, buffing compounds, 
smuts of various kinds either get on the work in the 


natural course of events or are purposely applied. They 
must be removed to achieve varying degrees of cleanli- 
ness. Visible cleanliness may suffice for painting, but 
chemically clean surface is essential for satisfactory plated 
work. 

For finishing of steel products, the variety of materials 
available has been greatly broadened by chemistry, espe- 
cially in relation to plastics developments. Here two 
influences have been at work: (1) the need to apply light- 
colored, more durable coatings for all sorts of consumer 
goods, and to do this faster and with less labor in appli- 
cation, and (2) the specialized needs of industry and the 
military for finishes that are durable, and even decora- 
tive, when exposed to high temperatures and solvents. 

Actually, cleaning and finishing are inter-related in 
many cases. They account for a good part of the proc- 
essing dollar spent on steel products. Therefore, both 
the technician and the production man have a lively 
interest in control of these processes at every step. 





Cleaning steels 


No one cleaner can be applied to all 

cleaning jobs on steels. Available clean- 
ing materials fall into four groups: (1) 
organic or hydrocarbon solvents, (2) self- 
emulsifying or emulsifiable organic sol- 
vents, (3) alkalis, and (4) acids. More 
than one of these types of cleaners may 
be needed. Oil might be removed by a 
solvent or an alkaline cleaner, but re- 
moval of oxides would also necessitate 
use of an acid. 
Solvent cleaners. . Cleaners of this type 
are kerosene, gasoline, naphthas, other 
petroleum spirits, Stoddard’s solvent, and 
even coal tar or aromatic solvents. 

The purpose of solvent cleaning is to 
remove light coats of oil, grease, and 
processing dirts, but wiping is considered 
essential in removing solid dirts, as the 
solvent has no effect on them. Surface 
condition produced is not physically 
clean, but the method is applicable to 
parts cleaned prior to inspection or 
assembly. A particular advantage lies in 
the cleaning of delicate parts that should 
retain a slight oil film to resist rusting. 
Vapor degreasing. . Degreasing of steel 
is usually done with trichlorethylene, but 
sometimes perchlorethylene may be pre- 
ferred because of its higher boiling point. 
These chlorinated hydrocarbons have a 
high and rapid solvent action on oils, 
fats, and waxes. 

The primary method consists in sys- 
pending the part in hot vapor over solvent 
that has been heated to its boiling point 


of 188 F. Solvent condenses on the metal 
surface, dissolves soluble oils and greases, 
and even removes many solid particles as 
it drips back into the tank. 

Rate of flow over the metal surfaces 
is not great enough to flush off all solid 
particles. Insoluble compounds, such as 
limes, pigments, and water-soluble soaps, 
are not removed. Thus physically. clean 
surfaces are not obtained with vapor de- 
greasing. 

Most popular degreasing method is the 
vapor spray, especially for large parts for 
which liquid immersion is impractical or 
for parts that have recesses that would 
trap air if immersed in liquid solvent. 
Parts are first vapor-cleaned and then 
sprayed with warm solvent that is cool 
enough to allow for a final condensation 
to effect a pure rinse before the metal 
reaches vapor temperature. 

Degreasing must be followed by some 

other means of cleaning (usually alkaline) 
before electroplating or other finishing 
operations. 
Emulsifiable cleaners. . Self-emulsifying, 
or emulsifiable, organic solvents combine 
the action of a solvent and the emulsi- 
fying properties of a solvent-soluble dis- 
persing agent or a soap in the presence of 
a blending agent. The hydrocarbon sol- 
vent may be kerosene, naphtha, or safety 
solvent, the emulsifying agent (a soap 
such as potassium oleate) and the blend 
ing agent an organic compound such ays 
butyl cellosolve, cresylic acid, a cyclo- 
hexanol derivative, or a synthetic surface- 
active material. 
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These cleaners have been particularly 
useful in precleaning operation where sur- 
faces are covered with smut or such ad- 
herent dirts as buffing compounds. On 
the latter, however, an emulsion dissolved 
in water with agitation is sometimes more 
effective than soaking in full-strength 
emulsifiable cleaner. 

Applied either by tank dipping or 
washing-machine spraying, emulsifiable 
cleaners combine with oil dirts and the 
combination can be rinsed off readily, 
particularly with hot water. 

If the work is only oily, a short immer- 
sion of 10 sec to 1 min may be sufficient, 
while buffing compound may require 5 to 
15 min and agitation of the bath for good 
cleaning. 

After a brief drain, parts are rinsed, 
preferably in a hot-water spray, to remove 
all residues. The parts leave the rinse 
with only a slight film of solvent on their 
surfaces. This film must be removed by 
alkaline cleaning before electroplating but 
does not interfere with painting, lacquer- 
ing, blackening, or phosphate treatments. 
Alkaline cleaners. . Various combinations 
include the older types, such as caustic 
soda, trisodium phosphate, and soda ash, 
and the newer salts, such as the soluble 
sodium silicates. Present-day cleaners 
obtain their required alkalinity by salts 
that are less dangerous to handle than the 
caustics. In case of hard water, water- 
softening agents are added, among them 
being sodium carbonates and phosphates. 
Phosphates, such as trisodium phosphate, 
are more expensive than carbonates but 
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form flocculent calcium or magnesium 
phosphates that are free-rinsing. 

An alkaline salt alone cannot serve as a 
cleaner for the widely diversified dirts 
encountered in process cleaning, however. 
A wetting agent is needed that will 
bring the solution into intimate contact 
with the dirty surface and assist in dis- 
placing the dirt from the metal surface. 
Soak-tank cleaning. . Simplest of the 
alkaline cleaning methods is soak-tank 
cleaning in which the solutior. is kept at 
its boiling point. Solution agitation, 
which may be controlled by proper loca- 
tion of the heating element, is particularly 
important in cleaning recessed or nested 
parts. Common methods of agitating 
soak-tank solutions are by use of agitation 
shields, steam-jet heaters, circulator 
heaters, propellers, centrifugal pumps, 
and work movement by hand or mechan- 
ically. 

Of all heating methods, steam is 
usually considered the most efficient. 
When work is quite dirty, a two-tank 
system is of value. Most of the dirt is 
removed in the first tank, while final 
cleaning is done in the second tank. This 
insures that work is given the second 
soaking in comparatively clean solution. 
Electrolytic cleaning. . In electrolytic 
cleaning, also called electrocleaning, the 
alkaline solution is the electrolyte, the 
work one pole, and the tank or a number 
of steel plates the other pole. When cur- 
rent passes through the electrolyte, water 
is decomposed to form oxygen bubbles at 
the anode (+) and hydrogen bubbles at 
the cathode (—). This continuous evolu- 
tion of gas at the surface of the work 
breaks up the oil film and, in effect, 
pushes off the dirt. 

More agitation on the work surface is 
provided when the work is made the 
cathode. 

Alkaline cleaners used in electrolytic 
cleaning generally differ in composition 
from soak cleaners. Electrocleaners must 
have a high electrical conductivity. More- 
over, cleaners should not contain any 
ingredients such as chlorides that would 
dissociate and attack either electrode, nor 
should any soaps and colloidal or other 
materials te present that might plate out 
and deposit as smut on electrodes or 
work. Also, organic materials that might 
decompose from electrolytic action must 
be avoided. 

Electrolytic cleaning is carried on at 6 
to 12 v and 10 to 100 amp. Current 
densities generally range from 15 to 45 
amp per sq ft. In calculating the metal 
area, it is important to include both sides 
of the part. A current density too high 
may result in pitting, especially of high- 
carbon steel. 

Temperature of an electrolytic cleaning 
solution should be kept at 212 F for 
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cleaning steel, as detergency increases 
with temperature. 

Electrocleaning, in most cases, should 
be preceded by soak cleaning or mechan- 
ical washing to remove heavy accumula- 
tions of dirt and so lengthen the life 
of the electrocleaning solution. 

Acid pickling. . The surface required by 
electroplating and similar finishing opera- 
tions must be free of all oxides. Prepara- 
tion of such a surface requires an acid 
dip, after alkaline cleaning and prior to 
plating. Descaling also saves time and 
reduces cost before grinding or lapping 
operations. 

Pickling solutions. . The two most com- 
mon types of pickling solutions are based 
on sulfuric and hydrochloric acids. 

Sulfuric acid, which removes scale by 
attacking the base metal under the scale 
and so loosening it, is used in concentra- 
tions from about 6 to 15%. This solu- 
tion is used hot, from 140 to 180 F, to 
maintain a rapid pickling rate. The 
foregoing values are common for mild 
steel. Alloy and high-carbon steels, how- 
ever, are more subject to attack during 
pickling from an electrolytic action be- 
tween steel and scale, and are usually 
pickled at lower temperatures. 

Concentrations of hydrochloric acid 
solutions run from 5 to 50% of 18 to 20 
Be acid. These are generally used at 
room temperature to avoid fumes and 
loss of the volatile hydrogen chloride. 
While hydrochloric acid is more effective 
in removing scale than sulfuric acid, 
hydrochloric acid costs and fumes more. 
Its fast action makes it especially pre- 
ferable for removal of light oxide films 
formed on polished steels. 

Advantages of both acids may be ob- 
tained by adding sodium chloride to a 
sulfuric acid solution. The salt combines 
with the acid to form a low percentage of 
hydrochloric acid. 

When iron content increases, action of 
a sulfuric acid bath decreases to such an 
extent that an 8% iron content reduces 
pickling action by about 50%. 

When the iron content reaches from 5 
to 6%, further acid additions have slight 
effect so the bath is usually discarded. 

Hydrochloric acid solutions, however, 

become more active as the iron chloride 
content increases. But as iron salts are 
hard to rinse from the work, these baths 
too are generally discarded when the iron 
content rises above 5%. 
Neutralizing pickled parts. . When steel 
parts are removed from a pickling bath, 
all traces of acid and iron salts must be 
removed from their surfaces to prevent 
rusting. Removal of all traces of acid is 
difficult by water rinsing alone; so an 
alkaline rinse is recommended to neutra- 
lize any remaining acid. 

Neutralizing baths are of various com- 


positions. A successful one consists of 
75% soda ash and 25% borax with an 
active sodium oxide content of 0.25 to 
0.3% and an operating temperature of 
about 160 F. This is followed by a borax 
dip at 170 F with a sodium oxide content 
of about 0.08%. 

Electrolytic pickling. . Pickling action can 
be accelerated and descaling time reduced 
by electric current. Electrolytic pickling 
is especially adapted to rapid removal of 
black magnetic iron oxide, Fez04, which 
in a still pickling solution is difficult 
to remove. Average electrolytic-pickling 
time is about one-fifth to one-sixth that 
required for still pickling. 

The process is carried on, usually in a 
sulfuric acid solution, by making the 
work the cathode. Procedure and solu- 
tions vary according to the process em- 
ployed. 

Sodium hydride descaling. . The du Pont 
sodium hydride descaling process is based 
on the fact that oxygen-hungry sodium 
hydride, dissolved in fused caustic, re- 
duces oxides in scale and tears it into 
a loose and flaky powdery mass. This is 
blasted off by the steam formed when 
the metal part heated to 700 F is 
quenched in cold water. The descaling 
operation is uniform and results in clean 
bright surfaces, even in recesses. Plain 
carbon steels have been processed satis- 
factorily. 

Sand and shot blasting. . Scale, rust, and 
dirt are often removed from castings 
and forgings by blasting with sand, steel 
grit, and steel shot. Sand introduces a 
silicosis hazard. Hence steel grit or shot 
have come into wide use in both the 
foundry and machine shop. In SAE 
standards for shot and grit, it is stated 
that round shots stand up better than ir- 
regularly shaped particles. 

Vapor blasting, or “liquid honing,” is a 
process of spraying a fine abrasive sus- 
pended in water onto workpieces at high 
pressure. This process is used to remove 
fine burrs from precision parts and to 
remove grinding lines, leaving a matte 
surface. 

Soft-grit blasting. . Efficient removal of 
paint, dirt, grease, carbonaceous deposits, 
and scale can be achieved with soft grits— 
crushed nut shells, fruit pits, oat hulls, 
rice hulls, corncobs, and hardwood saw- 
dust. 

Tumble finishing. . Improvement of sur- 
face quality and removal of burrs and 
sharp edges can be accomplished by 
tumble or barrel finishing, in addition to 
removal of scale and rust. Barrel treat- 
ment of bulk parts, or parts loaded into 
fixtures within the barrel if their mass 
would create damage by striking one an- 
other, is an economical method of clean- 
ing and finishing. Depending on the 
nature of the operation—cutting down, 
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deburring, rolling, or burnishing—the 
abrasive may be metal slugs, jacks, stars 
or punchings, steel balls, granite chips, 
loose abrasive, sawdust, etc. Most tum- 
bling is done wet, with water, acids, or 
cyanides. 


Paint and painting 


Primers. . An undercoat, or primer, is 
usually required on high-quality work. 
Red lead is widely used to prime struc- 
tural steel. For better work, zinc chro- 
mate primer is preferred, in either the 
air-drying or baking types. Zinc-dust 
primer serves to give good adhesion on 
galvanized iron. For black enamels and 
japans, the primer can be the same mate- 
rial as the finish coat but thinned down 
and applied lightly. 

Synthetic enamels are usually self- 
priming, but a baked primer is desirable 
with lacquer enamels. If metal surfaces 
are not smooth, a primer surfacer is 
applied and sanded. 


Bituminous coatings 


This classification includes: (1) japans 
—natural asphalt with drying oils dis- 
solved in petroleum solvents; (2) asphalt 
varnish—similar to japan but made with 
petroleum asphalt; (3) bituminous enamels 
—high-melting-point asphalt or coal tar 
containing mineral fillers such as clay or 
asbestos. 


Method of application. . Spray, brush, or 
dip. Japans can be air-dried, but when 
baked at high temperatures (300 F or 
higher) hard semitransparent finish is 
obtained. Bituminous enamels are usually 
brushed on hot, giving extremely heavy 
films. 

Properties. . Japans are hard finishes. 
Applied varnishes have excellent water 
resistance, especially when aluminum 
powder is added to them. Bituminous 
enamels give excellent corrosion and 
water resistance. 

Appearance. Japans are transparent 
amberlike films. Asphalt varnishes and 
bituminous enamels are black. The latter 
are very dense, since they are applied by 
melting. 

Uses. . Japans are used where inexpensive 
but hard finishes are required; one of the 
oldest types of protective coatings for 
metals. 


Lacquers 
CELLULOSE TYPES 

Composed of nitrocellulose or other 
cellulose resins—ethyl cellulose, cellulose 
acetate, and acetate butyrate—plastic- 
izers, and pigments dissolved in volatile 
organic solvents. Coating film is formed 
on evaporation of solvents. 
Method of application. . Usually sprayed, 


but can be dipped, roller coated, or 
brushed. Lacquers are usually air-dried, 
but force drying—applying heat at rela- 
tively low temperature—can also be used 
to speed up drying. In spray application, 
extreme care must be exercised to avoid 
“orange peeling,” which can be removed 
from dry film only by rubbing. 
Properties. . Suitable for indoor use and 
when properly formulated also for out- 
door conditions. Speed of drying is out- 
standing. Toughness and flexibility in a 
wide range of temperature conditions are 
excellent. For a given film thickness, 
more coats of lacquer are required than 
varnish or synthetic-base paints, but this 
is being partly overcome by hot lacquer- 
ing technique. 

Appearance. . Supplied in clear and pig- 
mented coatings that range in gloss from 
high to dead flat. With proper choice of 
solvents, extremely smooth finishes can 
be obtained. Novelty finishes such as 
crackle, webbing, and crystal can be pro- 
duced by carefully controlled application 
techniques. 

Uses. . Unpigmented (transparent) nitro- 
cellulose lacquers are most widely used. 
Pigmented metallic lacquers used as auto- 
motive finish are also widely used on 
aircraft because of their light weight. The 
new trend in application is toward hot 
lacquering, by means of which the spray 
viscosity of lacquer is reduced by heat 
instead of thinner, thus permitting appli- 
cation of heavier films per spray coat. A 
normal two-coat operation can be com- 
pleted with one coat of “hot lacquer.” 
Cellulose acetate butyrate can be used as 
a hot dip where extremely heavy coatings 
are required—such as for flashlight bat- 
teries. Although expensive, lacquers 
heavily loaded with metallic powders, 
such as stainless-steel powder, are effec- 
tive one-coat protection for small ferrous 
parts. 

Surface preparation. . Solvent or vapor 
degreasing is usually necessary. For re- 
sistance to moisture and corrosive condi- 
tions, preliminary chromate or phosphate 
treatments are essential. Oil or grease 
must be completely removed. 


OTHER TYPES OF LACQUERS 

Same as cellulosic, but instead of cel- 
lulosic resins, other thermoplastics such 
as vinyls and acrylics, are used. 
Properties. . Vinyl coatings have excel- 
lent resistance to outdoor conditions, 
especially to continuous water immer- 
sion. Can be sprayed on as a “strippable” 
coating which is used to protect metals 
in storage for indefinite periods of time. 
Acrylic coatings are light- and heat-stable 
and are resistant to water and some 
chemicals. 
Appearance. . Usually used as clear fin- 
ishes; acrylics can be colored. 
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Synthetic-resin-base coatings 
PHENOLIC—PURE AND MODIFIED TYPES 
Method of application. . Brush, spray, or 
dip. High baking temperature (300 to 
350 F) gives fast production. 


Properties. . Phenolic finishes are rela- 
tively fast drying, and have excellent 
durability and chemical and moisture 
resistance. Modified phenolics have excel- 
lent abrasion resistance. 


Appearance. . Usually pigmented only in 
dark shades because of dark color of 
vehicle. 

Uses. . Marine finishes, food- and chem- 
ical-processing equipment, tank-car lin- 
ings, food-handling equipment, and auto- 
motive primers and surfaces. 


ALKYD 

Phenolic anhydride-polyhydric alcohol- 
oil combinations. A recent development 
is the addition of styrene as a modifier, 
thereby reducing the drying time of 
alkyds to almost lacquer speed. 


Method of application. . Brush, spray, 
dip, or roller coat. Addition of metallic 
driers is required for air drying. Baking 
is required for special effects, such as 
crackle or wrinkle. 


Properties. . Superior to phenolics and 
oleoresinous-type finishes in gloss reten- 
tion. Possess excellent durability, hard- 
ness, heat resistance; good adhesion, flexi- 
bility, and oil and grease resistance. 
Alkali and water resistance fair. 


Appearance. . Gloss enamels are possible 
in a wide range of colors. Almost every 
type of special-effect finish (except for 
lacquer novelty finishes mentioned above) 
are obtained with alkyd. These include 
metallic effects (automotive) and various 
types of hammer, wrinkle, and spatter 
finishes. All of these can be applied to 
smooth metal. 

Uses. . Enamels for wide variety of 
kitchen and outdoor products, including 
refrigerators, traffic signals, porch furni- 
ture. Widely used as automotive and 
truck finish. 


UREA AND MELAMINE 

Never used alone—usually in conjunc- 
tion with alkyd resins. Urea and mela- 
mine thermosetting resins have high color 
stability at elevated temperatures and are 
usually available in solutions of 50% 
solids in mixtures of coal tar and petro- 
leum derivatives. 


Properties. . Good hardness, chemical 
and abrasion resistance, excellent oil and 
grease resistance. Brittle when used 
alone, they must be combined with 
alkyds for flexibility and adhesion. 

Uses. . Finishes for refrigerators, auto- 
mobiles, hospital equipment, stove parts, 
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and kitchen appliances. Urea resins com- 
bined with alkyds, and titanium dioxide 
are used as a baking refrigerator enamel. 


STYRENE 

Properties. . High gloss, good stability 
and color retention. Limited compatibil- 
ity with other film-forming resins. 

Uses. . Decorative and protective coating 
for smooth metallic parts, where appear- 
ance is the main factor, such as metal 
cabinets. Enamel finishes that air-dry 
as quickly as lacquers can be made from 
oil-modified styrene copolymer solutions. 
Baking-type enamels are also produced 
from such solutions. 


SILICONES 

Method of application. . Spray or dip— 
always baked. Baking schedule varies 
from 15 to 30 min, at temperatures from 
350 to 425 F. 

Properties. . Outstanding heat resistance 
—far superior to conventional finish in 
this respect. Also has good hardness and 
resistance to weathering. However, sili- 
cone enamels not containing metals have 
poor abrasion resistance. 

Appearance. . Wide range of colors, in- 
cluding white, which are stable at high 
temperatures. Compatible with pigments 
providing finishes of high gloss, with 
purity of color and tint. 

Uses. . Finishes for refrigerators, gas 
heaters, and stoves. Modified silicone 
aluminum paint used on a wide variety of 
heating equipment. 


Vinyls 

Polyvinyl butyral, vinyl chloride, vinyl 
chloride acetate, and vinyl chloride-vinyli- 
dene chloride, dissolved in ketones and 
alcohols. 
Method of application. . Spray, dip and 
brush. Dries by selvent evaporation but 
often force-dried at 200 F for better 
adhesion. 
Properties. . Flexible and tough. Re- 
sistant to oils, foodstuffs, and many chem- 
icals. Adhesion only fair; improved by 
incorporating an alkyd resin. 
Appearance. . Supplied as clear, pig- 
mented, and dyed coatings. One type of 
vinyl-dispersion coating (“organosols”) is 
used as a decorative and protective finish. 
Uses. . Coating based on vinyl resins, 
and containing lead chromate and basic 
zinc chromate, is used as a wash primer 
on steel. Baked alkyd finishes are applied 
over the vinyl primers. Chemical-resistant 
coatings containing modified vinyl resins 
developed for finishing such products as 
refrigerators and washing machines. Vinyl 
“organosols,” in which the resin is sus- 
pended in a nonsolvent, have limited use 
as metallic coatings. A variation of the 
technique, in which a polishing operation 
is included, produces a coating suitable 
for outdoor metallic furniture. 
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Plating practice for steel 


Electrodeposition of metals may be 
carried on in a variety of ways. What- 
ever the equipment or bath, the funda- 
mental principle remains the same, 
namely, the passage of an electric current 
from an anode, usually, but not neces- 
sarily, of the plating metal, to the work- 
piece, through an electrolyte containing 
salts of the plating metal in solution. 

The rate of deposition varies directly 
as the current density; that is, the higher 
the amperage per square foot of the work, 
the faster the plate will be applied. There 
are definite limits to current density, de- 
pending on the plating metal and the 
work material being used. Most plate 
is dead matte as it comes from the bath 
but can be polished to the same degree 
as the base metal. 

A relatively new plating process known 
as periodic-reverse-current plating is 
rapidly being adopted and has proved 
most effective in producing a polishing 
effect on relatively rough base metal. 
The process consists of plating in the 
normal way for a period of from 2 to 40 
sec, then deplating by current reversal 
for from % to 5 sec. Each layer of 
plate is exceedingly thin but combines 
to create a denser and more homogeneous 
deposit than can be produced by con- 
tinuous plating. 


Copper plating. . Copper plating is used 
for decorative or protective purposes on 
the base metal, for preventing carbon 
penetration during carburizing operations, 
and as an undercoat preparatory to chro- 
mium, nickel, and some other platings. 

Two general types of copper plating 
are in use: the acid sulfate and the alkali 
cyanide process. If it desired to use acid 
copper on steel, the work must first be 
given a thin coat, or flash, in an alkali 
plating solution, then rinsed and trans- 
ferred to the acid bath. 

The acid process can be used either hot 
or cold, although the cold process is gen- 
erally preferred for its similicity. 

Hot-alkali copper plating is standard in 
most shops. Deposits obtained are smooth 
and homogeneous, but the surface is dull 
and requires polishing if it is to be used 
as an undercoat for nickel or otiver plates. 
The rochelle salt bath is commonly used 
and this bath is operated at 140 to 160 
F, and approximately 3.6 min will be re- 
quired to deposit 0.0001 in. of copper at 
20 amp per sq ft and 2.2 min at 60 amp. 
If full brightness is required it is prefer- 
able to use one of the proprietary bright 
copper baths. 

Nickel plating. . Standard nickel plating 
is performed in a Watts-type solution. 
The bath may be either hot or cold, and 
current densities may vary between 15 


and 50 amp. This bath will produce a 
dull plate that will require buffing if a 
luster is desired. For a bright plate, or- 
ganic or inorganic brighteners may be 
added to the standard bath, but more 
satisfactory results are usually obtained 
by using one of the proprietary solutions. 


Zinc and cadmium. . For most purposes, 
zinc and cadmium are virtually inter- 
changeable, but there is a strong prefer- 
ence for zinc on the grounds of its sub- 
stantially lower cost and greater availabil- 
ity. Both metals afford excellent rust pro- 
tection to steel because, under corrosive 
conditions, the plate itself will corrode 
rather than the steel, and, even if the sur- 
face is scratched, rust will not spread 
beyond the immediate area of the scratch 
itself. Nevertheless, cadmium is widely 
used for fasteners. 

Zinc may be deposited from an acid 
bath if a dead-white full-matte surface is 
desired, but the throwing power of an 
acid solution is very poor and the process 
cannot be used for workpieces which have 
irregular surfaces. In general, acid zinc 
plating is used only for wire, sheet, and 
woven screen material. 

The cyanide process is most commonly 
used in plating shops and gives excellent 
results. Standard solutions produce a 
dull finish, but brightness may be obtained 
either by adding brighteners to the bath 
or by using a bright dip after plating. 

Cadmium plating solutions are similar 
to zinc, except that acid solutions are not 
used. Bright plates can be produced by 
the use of additives in the standard bath 
or by one of the proprietary bright-plating 
baths. 


Chromium plating. . Chromium plating 
has achieved popularity as a decorative 
finish because of its blue-white color and 
high resistance to corrosion and tarnish, 
but its extreme hardness and excellent 
wear resistance make it of even greater 
importance in the industrial field. Deco- 
rative plate is usually applied over under- 
coatings of copper and nickel or of nickel 
alone, and has a thickness of only 
0.0061 and 0.0002 in. Industrial chro- 
mium is usually applied directly to hard- 
ened steel and may reach thicknesses as 
high as 0.010 in. 


Tin plating. . Tin may be electrodeposited 
from acid, alkali, or fluorborate solu- 
tions. Deposits are always silvery white 
in color, and it is not possible to obtain a 
bright finish direct from the bath. This 
finish, however, may be produced by 
heating the plated parts to cause the tin 
coating to flow, resulting in a finish 
equivalent in appearance to hot-dipped 
tin but with a fraction of the thickness. 
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how to work 


Stainless steel 


Siainless steels are a group of metals based on iron and 
chromium, often containing substantial percentages of 
nickel. First made in America in World War I, they have 
grown steadily in importance. Production now exceeds 
a million tons a year. 

Chromium is essential for true corrosion resistance. It 
has a greater affinity for oxygen than iron, so forms a 


Martensitic stainless steels 


strong, highly inert film that adheres to the surface, does 
not thicken, does not peel, and reforms when removed. 

The stainless steels are produced in a number of stand- 
ard types and several non-standard types for special appli- 
cations (see the directory, p129). There are three 
generally accepted classes of stainless: martensitic, fer- 
ritic, and austenitic. 


table 85 .. AiSi STANDARD TYPES OF STAINLESS STEELS 
COMPOSITION AND TYPICAL ANNEALED PROPERTIES 





The steels in this group are harden- 
able, because they have a high carbon- 
to-chromium ratio to undergo the neces- 
sary transformations. Their best 


Cr 





mechanical as well as corrosion-resisting 
properties are found in the hardened 302 
condition. Tensile strengths run from 302B 
70,000 to 105,000 psi when annealed to 
125,000 to 200,000 psi when hardened. — 
ee 304L 
Thermal conductivity of the martensitic 
stainless steels is low, but still the best 308 
of the stainless family. They are espe- 309 
cially suitable for hot working or forging. = 
These types are air-hardening, and must 
be slowly cooled (or annealed) after 314 
forging to prevent cracking. Their cold- 316 
forming characteristics are fair. 317 
The martensitic types are well suited 321 
for most moderately corrosive applica- 347 
tions requiring high strength, hardness, 403 
and resistance to abrasion and wet and oe 
dry erosion. 414 
416 


Ferritic stainless steels poe 


‘The ferritic types are not hardenable, — 


because they have a lower carbon-to- 440A 
chromium ratio which reduces the effect 440B 
of the transformation responsible for 440C 
hardening. But while they can’t be hard- rite 


16-18 
17-19 
17-19 
17-19 
18-20 — 85 
18-20 — 75 
17-19 - 85 
19-21 - - 8&5 
22-24 - 95 
22-24 — 95 
24-26 -4 - 95 
24-26 - 95 
23-26 —_— 100 
16-18 Mo 2-3 85 
16-18 Mo 1.75-2.5 75 
18-20 Mo 3-4 85 
17-19 Ti 5xC min. 85 
17-19 Cb 10xC min. 90 
.50 11.5-13 = — 75 
11.5-13.5 - Al 0.10-0.30 65 
11.5-13.5 — 70 
11.5-13.5 1. 120 
12-14 ~ 75 
12-14 95 
14-18 — — 75 
14-18 See Note 80 
15-17 — 125 
16-18 Mo. 75 max. 105 
16-18 - Mo. 75 max. 107 18 
16-18 - Mo. 75 max. 110 14 
23-27 - N 0.25 max. 85 25 


ee ee ee ee ee ee ee) 


esesessesssss 





ened by heat treating, hardness can be 
increased slightly by cold working. In 
practice, however, these steels are only 
rarely used in the cold-worked condi- 
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Note: Phosphorus or sulfur or selenium: 0.07 min—zirconium or molybdenum: 0.60 maximum. 
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fable 86 . . COMPARATIVE FABRICABILITY TABLE FOR ANNEALED STAINLESS STEELS 


CUTTING 
SHEARING 
BLANKING 
PERFORATING 
NOTCHING 
SLITTING 
EXPANDING 
PUNCHING 

MACHINING 
TURNING 
MILLING 
DRILLING 
TAPPING 
BORING 
REAMING 
PLANING 
BROACHING 

FORMING 
FORGING 
BENDING 
ROLL FORMING 
DRAWING 
STAMPING 
HYDROFORMING 
SPINNING 

JOINING 
FUSION WELDING 
RESISTANCE WELDING 
SILVER BRAZING 


HI-TEMP SOLDERING 


SOLDERING 


RIVETING 
FINISHING 
POLISHING . 2\2 2 


PLATING 


. . Stainless 


FERRITIC TYPES 
(AISI) 


MARTENSITIC TYPES 
(AISI) 


AUSTENITIC TYPES (AIS!) 





NON- 
HARDENABLE 


HARDENABLE 
BY HEAT TREATING 


WORK HARDENABLE 





18-8 


18 - 8's Higher Ce = Ni | cusitineg 





3028 303} 304 | 304L 309 | 309S | 310) 3105) 314) 321) 347 
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CODE: | - Exceptionally good 2 - Well suited (norm) 


Notes: f. 


a. 
b. 


c. 


Slightly greater care required because of the high chromium content. 
Because of the “gumminess’’ of these austenitic steels, slower speeds 
and low feeds are necessary. 

For reference, comparative machinability figures: 


Bessemer Screw Stock 100 
416 


430F 

303 

302 

430 
(based on cold-finished stock) 
Free-machining steels are somewhat susceptible to hot shortness. 
Temperatures must be controlled within close limits. 
These steels, because of the elevated temperature strength require 
higher pressures and special die considerations. 


3 - Precautions Necessary (see footnote references | 


4 - Better not, try another material. 





More power, lier cuts yb of the greater hardness 


of annealed steel. 

Additions to improve machining characteristics lessen formability. 
Higher work hardening characteristics of this grade make it less 
suitable for any but the more shallow draws. 

Somewhat more difficult to draw than the basic type; generally 
drawn only when eae use necessitates these alloys. 

Higher silicon itate s; care to avoid cracking. 
These steels show y weed mn f from harmful carbide precipitation caused 
by welding heat. They are not necessarily easier to weld so far as 
the mechanical operations of welding are concerned. 

Can be welded ~~ pre-heating, post-heating, Or both usually will be 
required to prevent cracking. 

Discontinuities in high and fini 

Formability restricted coos of che lene hardness of annealed 
steel, 
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tion, because the small increase in hard- 
ness obtainable is accompanied by a 
relatively large decrease in ductility. 

The ferritics have a lower coefficient 
of expansion than the austenitic stain- 
less types—about the same or slightly less 
than carbon steel. They also offer good 
resistance to oxidation and corrosion, and 
are often selected for these reasons. 

While their ductility is less than that of 
the chromium-nickel types, they can be 
fabricated without difficulty by such meth- 
ods as forming, bending, spinning, and 
shallow drawing. And they can be buffed 
to a high finish. Welding is possible, but 
welds may tend to be brittle—which 
usually can be overcome with proper 
heat-treatment. A special welding grade, 
type 430T, contains titanium and has 
excellent weldability. 

These types have higher resistance to 
corrosion and oxidation than the mar- 


Heat treating 


tensitic types. Like the martensitic types, 
the ferritics also are magnetic in all 
conditions. 


Austenitic stainless steels 


Steels in this group possess the highest 
corrosion resistance in the family of 
stainless steels. Austenitic stainless steels 
are inherently tough and well-adapted for 
fabrication by deep drawing and other 
similar means. They can be welded 
easily, and also can be soldered by proper 
technique. Type 303, a special free- 
machining grade, contains such additives 
as sulfur or selenium for excellent ma- 
chinability. 

The austenitic stainless steels cannot be 
hardened by heat-treatment; they also 
are non-magnetic. These steels have un- 
usually high ductility. Tensile strength in 
the annealed condition is considerably 


above that of mild steel—approximately 
90,000 psi as compared with approxi- 
mately 50,000 psi. Austenitic stainless 
has a yield point of approximately 35,000 
psi—comparable with that found in mild 
steel. 

These steels can be work hardened to 
extremely high tensile and yield strengths 
and still maintain good ductility. Ten- 
sile strengths up to approximately 200,000 
psi can be developed in flat-rolled prod- 
ucts, and in excess of 300,000 psi in fine- 
drawn wire. Because of this work-hard- 
ening characteristic, it is sometimes neces- 
sary to re-anneal the material between 
operations in certain fabricating processes 
such as drawing or spinning. Some 
grades, especially types 301 and 302, are 
frequently used in harder tempers for 
structural and other high-strength pur- 
poses in aircraft, railway cars and trucks 
and trailers. 





Heat-treating of stainless steels requires no unconven- 
tional equipment or methods, but does require close 
attention to certain heat-treating variables. Annealing 
and heat treating of stainless should: 

1. Restore maximum corrosion resistance of the 
chromium-nickel alloys after fabricating procedures in- 
volving heating and slow cooling through the carbide- 
precipitation range. 

2. Relieve stresses residual in the material after fabri- 
cation. 

3. Obtain the physical properties required in those 
structural alloys which respond to heat-treatment. 

Electric, gas-fired, oil-fired, salt-bath or induction fur- 


table 


naces (designed for high-temperature work) may be 
used for heat-treating stainless steels. Hydrocarbon con- 
trolled atmospheres should be avoided. Maintenance of 
uniform temperature and protection against direct flame 
from burners is necessary. Salt baths, either internally or 
externally heated, and using chemically neutral salts 
which introduce no carbon or nitrogen into the work 
surface, provide a minimum amount of scale on stainless 
steels. Common salts used are chlorides of barium, 
sodium calcium and potassium for high temperatures and 
sodium and potassium nitrates for lower temperatures. 
Any type of cyanide should be avoided as it will car- 
burize or nitride the surface of stainless. 


87 .. ANNEALING AUSTENITIC STAINLESS 





Hardening and annealing of stainless 
steels by flame-heating procedures pro- 


Temperature, F. 


Hardness 


Time, min. Quench Brinell Rockwell 





duces negligible scale and distortion. By 
proper adjustments of conditions, a hard 
surface and moderately soft and ductile 
core can be secured. Areas locally heated 





Note to Table 83 


Relative workability ratings for the different 
stainless steels in the austenitic, martensitic, 
and ferritic groups are indicated. In all cases, 


1850-2050 
1850-2050 
1850-2050 
1800-2050 
1850-2050 
1850-2050 
1900-1950 
1950-2050 
1700-1950 
1700-2000 


B80-90 
B75-84 
B75-84 
B80-90 
B75-85 
B85-95 
B85-95 
375-85 
B75-85 
B75-85 


155-175 
140-160 
140-160 
155-175 
145-165 
165-185 
165-185 
140-160 
145-160 
145-165 


Water 
Water 
Water 
Water 
Any 
Any 
Water 
Air 
Water 
Water 


10-30 
10-30 
10-30 
10-30 
15-30 
10-30 
15-30 
10-30 
10-30 
10-30 





suitability is based on the realization that these 
are stainless steels of three separate families. 
ew relationships are discussed in the 
article. 


_In the martensitic steels, type 410 is con- 
sidered as the mean; variations are indicated 
as deviating from it. Similarly, in the ferritic 


table 88 . . ANNEALING FERRITIC STAINLESS 





steels, type 430 is the mean, and in the auste- 
nitic steels, type 302 is the mean. 


Temperature, °F. 


Hardness 


Time, hr. Cooling Brinell Rockwell 





There is no attempt to correlate among 
groups. The basic performance of one group 
may be better or worse than another. 


1450-1550 
1250-1450 
1450-1550 


140-165 
165-190 
160-185 


B77-85 
B85-91 
B84-90 


1- Air or water 
1- Air or water 
1- Air or water 
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may be air-cooled or oil-quenched. Induc- 
tion heating is being successfully applied 
by techniques similar to those for carbon 
steel. 

Where completely scale-free heat treat- 
ment is required, especially prepared 
atmospheres of dry cracked ammonia or 
dry hydrogen are used. Oxidizing atmos- 
pheres generally produce a thick scale 
which is more easily removed by pick- 
ling. Parts, particularly of the chromium- 
nickel type, if contaminated with grease, 
oil or organic materials, will be car- 
burized locally. 


. .. Stainless 


Austenitic stainless steels 


None of the austenitic stainless steels 
is normally hardenable by heat treat- 
ment. High strength is obtained by cold 
working this group. Type 301 with its 
lower nickel-chromium ratio is partic- 
ularly suited to work hardening to high 
mechanical properties. 

Normally, however, the austenitic stain- 
less steels are used in the annealed con- 
dition. The metal then has the greatest 
resistance to corrosion, and is also very 
ductile and hence best suited for bending, 


table 89 .. ANNEALING MARTENSITIC STAINLESS 
PROCESS-ANNEALING PROCEDURE 





Type Temperature, F. Time, hr. 


Hardness 


Cooling Brinell Rockwell 





410, 403, 416 1350-1450 1-3 
414 1200-1300 4-8 
431 1150-1225 4-8 
420 1350-1450 2-6 
440A 1350-1450 2-6 
440B... 1350-1450 2-6 
440C 1350-1450 2-6 


B86-92 

B99-C24 
B97-C24 
B86-92 

B97-C22 
B98-C23 
C22-C27 


170-195 
240-255 
230-260 
205-225 
230-245 
235-250 
240-255 





FULL-ANNEALING PROCEDURE 





410, 403, 416. 1550-1650 
420 ° 1600-1650 
440A 1625-1675 
440B. 1625-1675 
440C 1625-1675 


135-160 
155-180 
190-215 
205-230 
215-240 


Slow cool 
Slow cool 
Slow cool 
Slow cool 
Slow cool 





table 90 . . STRESS RELIEVING MARTENSITIC STAINLESS 





Type 


Temperature, *F 


Hardness 


Time, hr. Brinell Rockwell 





410, 403, 416 450-700* 
414 450-700 
431 - 450-700 
420 300-700 
440A 300-700 
440B 300-700 
440C 300-700 


37-40 
40-44 
C36-42 
C48-53 
51-56 
C53-58 
C55-60 


1 to 3 360-400 
1 to 3 380-420 
1 to 3 355-400 
1 to 2 470-530 
lto2 500-560 
1 to 2 520-590 
1 to 2 540-620 





*—Low side of range for maximum hardness; middle for max. toughness; high side for max. 


elasticity. 


table 91 . . HARDENING RANGES FOR MARTENSITIC STAINLESS 





lime ot 
Preheat, hr. 


Preheating 


Type Temperature, F. 


Temperature, F. 


Hardness 
Brinell 


Hardening 





Rockwell 





410, 403, 416 ° ° 
414 ° , 
431 . . 
420 1000-1450 
440A 1000-1450 
440B 1000-1450 
440C 1000-1450 


1 to 1% 
lto1\ 
1to1% 
1 to 2 


C 39-43 
C 42-47 
C 42-46 
C 53-56 
C 55-58 
C 57-59 
C 60-62 


1700-1850 
1800-1950 
1800-1950 
1800-1900 
1850-1950 
1850-1950 
1850-1950 


380-415 
400-450 
440-440 
530-560 
555-590 
575-610 
620-630 





*—Not necessary except where large forgings involved. 
t—Small sections may be brought quickly to pre-heat (1450 F). 
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forming, and deep drawing. Most aus- 
tenitic stainless is supplied by the pri- 
mary producer already annealed. If in 
fabrication the material is cold worked 
to an undesirable extent, the piece can be 
annealed by heating to 1950 to 2050 F, 
followed by rapid cooling. 


Caution: Remove the lubricating com- 
pound before heat treatment; if it remains 
on the surface it may cause serious etch- 
ing attack on the metal, or carburization 
and subsequent potential reduction of 
corrosion resistance. 


Ferritic stainless steels 


Ferritic stainless steels require mod- 
erate temperatures only for process an- 
nealing and stress relieving. Treatment of 
the medium-chromium ferritic stainless 
steels differs somewhat from that of the 
higher-chromium steels. 


For type 430, with 14 to 18% chro- 
mium, and for other ferritic stainless 
steels of the medium-chromium type, 
maximum ductility is obtained by holding 
at 1400 to 1500 F until the metal is 
heated through, followed by rapid cool- 
ing. This, of course, requires that the 
whole piece be annealed. When this is 
not possible or practical, heating the work 
to a dull cherry red with a blowtorch, 
followed by rapid cooling in air, will 
usually be satisfactory. 

For type 446, with 23 to 27% chro- 
mium, heat the piece through at 1450 to 
1600 F—then cool rapidly. Quenching 
is desirable. 


Martensitic stainless steels 


The martensitic stainless steels can be 
heat-treated to high strength and tough- 
ness. For the highest mechanical prop- 
erties, the piece should be heated to 
1800 to 1850 F and quenched in oil. 
Because of the low thermal conductivity 
it should be heated slowly and carefully 
to the proper temperature. Where oil 
quenching may cause cracking because of 
intricate or complicated design, air cool- 
ing may be used. Hardening must 
always be followed by stress relieving 
or tempering at 400 F or higher, depend- 
ing on the desired properties. 

In: working the martensitic stainless 
steels, some method of relieving stresses 
and increasing the ductility and toughness 
may be desired. The work should be 
annealed in a muffle-type furnace, as 
direct contact with a flame for any 
length of time is undesirable. Heat the 
piece uniformly and slowly to 1400 to 
1500 F and soak thoroughly. Furnace 
cooling to 1100 F is recommended. If 
air-cooled, do not heat the piece above 
1400 F. 
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Scale Removal 





Sandblasting and 
Passivating 


Sandblasting removes heavy scale 
which would otherwise require excessive 
pickling. Procedure is conventional, and 
clean sand is used instead of metal shot. 
The blast is passed over the area continu- 
ously at minimum air pressure, particu- 
larly with lighter gages. If the work is to 
have a final polishing, scale should not 
be removed by sandblasting. After blast- 
ing is finished, the article should be pas- 
sivated to provide an adequate protective 
oxide film and dissolve particles of for- 
eign material which may be lodged in the 


Machining 


All stainless steels are machinable. But there are wide 
variations in machinability and methods for the different 
grades and for good results it is necessary to consider 
not only the general requirements of stainless as a group, 
but the specific needs of the type to be machined. 
Some of the free-machining grades can be machined 








Scaling at the relatively high temperatures required for 
welding, annealing and forging makes scale removal a 
necessity. Lower-alloy grades scale or oxidize more at 
high temperatures than higher-alloy types, and scale is 


more tenacious. 


surface. Surfaces must also be free of 
heavy grease and oil. To passivate, clean 
parts may be immersed in: 
A hot solution (15-20% at 130-40 F.) 
of nitric acid for 10-15 min., then 
scrubbing in clean hot water. 
Or 20-40% nitric acid at 120-40 F. for 
15-30 min., followed by wash. 


Pickling 


Any of the solutions given are subject 
to variation in concentration and temper- 
ature depending upon the condition and 
volume of scale. Thorough rinsing and 
scrubbing in hot water is essential to re- 











Machine selection. Stainless is a 
tough, high strength material and requires 
more power than mild steel. Heavy 
equipment should be selected for opera- 
tion at maximum speeds. By heavy, is 
meant that the load does not exceed 
about 75% of the rated machine capacity. 
For example, a conventional automatic 
designed for 1-in. non-ferrous bars would 
be light equipment for 1-in. stainless bars, 
but heavy equipment for %-in. stainless 
bars. 

An exception is in the choice of ma- 
chines for drilling and tapping. Small 
drills or taps in heavy machines are 
likely to be less satisfactory than in light 
machines. 

Machines must be in good condition. 
Excessive play or lack of rigidity can 
play havoc in machining stainless. 

Tool materials. . Table 93 suggests 
tool materials for various operations, 
HSS, cast alloys, and carbide all have 
their place. In general, carbide is best 
for maximum speed in rigid setups, while 
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cast alloys or HSS are preferable when 
there is vibration. The high-cobalt tools 
were developed primarily for machining 
stainless and are usually best of the 
high-speed steels. 

Careful grinding of tools is essential. 
Tool life is shortened drastically by burn- 
ing in grinding or failure to remove any 
microscopic cracks present in a reground 
tool. Stoning the edges of all cutting 
tools will increase tool life and improve 
the finish, particularly in final operations. 

Toc! design. . Cutting edges must be as 
strong as ,possible. Keep lands narrow 
and relief angles at the minimum ade- 
quate for the operation. But drills and 
other tools operating in a confined space 
require large clearance angles. For stain- 
less grades that produce stringy chips, 
either chip breakers or chip curlers are 
necessary. 

Cutting fluids. . Good lubrication and 
cooling are both essential in machining 
stainless. The fluid must flood both the 
tool and the work. Often, cooling the 












move adhering acid. For chromium- 
nickel steels, use solution No. 3 to soften 
and rot scale, checking for any possible 
etching action, and after cleaning, solu- 
tion No. 2 may be used. Color and ap- 
pearance of stainless may be improved 
by a 10- to 15-min. dip in 10-20% (130- 
140 F.) commercial nitric acid (Sp. Gr. 
1.42) followed by hot-water rinse. 

Most steel mills are using the DuPont 
sodium-hydride process of scale removal. 
Sodium hydride is dissolved in fused 
caustic, reducing metallic oxides to 
loosely adherent form, taken from the 
surface by a water quench. Removal of 
the scale is easily effected without pitting. 





at speeds of about 85% those possible with Bessemer 
screwstock. In each case the free-machining grade will 
be about 20% more machinable than its basic equivalent 
grade. (Additions for machinability always cause a slight 
decrease in corrosion resistance, ductility, and welding 
characteristics. ) 


table 2 . . PICKLING SOLUTIONS 


1. Sulfuric acid (Sp. Gr. 

pe SNS eee ar 6-8 parts by vol. 
Hydrochloric acid (Sp. Gr. 

1.60)... sss 2-4 parts by vol. 
Water, to make. ........100 parts by vol. 
Operating temperature. . . 140-160 F. 

2. Nitric acid (Sp. Gr. 1.42).10-20 parts by vol 


Hydrofiuoric acid... ..1-4 parts by vol. 
Water, to make.........100 parts by vol. 
Operating temperature. . . 100-125 F. 

3. Sulfuric acid....... ..10 parts by vol. 
Rock salt NaCl..... ..M% Ib. per gal. 
Water to make..........100 parts by vol. 
Operating temperature... 160-180 F. 


4. Sodium hydroxide...... 20 parts by wt. 
Potassium permanganate .5 parts by wt. 
Water, to make. . 100 parts by wt. 

Use boiling hot. 230 F. 

Note: 

Solution 1—A first operation, loosens heavy 
scale. 

Solution 2—Removes scale loosened by No. 1 
or first operation where scale is light. Adequate 
ventilating devices should be used. 

Solution 3—Preferred for straight chromium 
grades. 

Solution 4—After cold-rolling. For light uni- 
form scale. 
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table 93 . . RECOMMENDED TOOL MATERIALS FOR THE 
MAJOR MACHINING OPERATIONS* 


TOOL MATERIALS 
— = 





a 


we 
OPERATION AND TOOLS teel 


High- 
d 
Cobalt 


High 
Cobalt 


Cast 
Alloys Carbides 





TURNING 


Low speed——heavy, or intermittent cuts... Exc 


High speed—medium or heavy cuts at mod- 
erate feeds 

Finish Turning—light cuts at fine feeds. . . 

FORM TOOLS 

Heavy or light feeds at moderate speeds. .. 

Medium or light feeds at high speeds 

BOX TOOLS 

Heavy to medium cuts at moderate speeds 
—intermittent cuts 

Medium or light feeds at bigh speeds .... 

CUTOFF TOOLS 

Circular or blade types—Average setups— 
medium or heavy feeds—intermittent or 
heavy cuts at moderate speeds as 

Special setups—medium or fine feeds at hig 


MILLING 

Average conditions. ; 

High production with adequately powered 
machines. aes 

DRILLING 

Average conditions _- 

Special applications, deep holes, etc 

REAMING 

Average conditions—medium to fine feeds 
at moderate speeds. . 

High speed at medium to fine feeds. . 

TAPPING AND THREADING 


Thread chasing (fast speeds). . 


Exc Good 


Good Good 
Good 


Good 
Good 


Fair 


Exc 
Good 


Good 
Exc 





*These general recommendations must be used with reservation because of variations introduced 
by type of equipment, special tool grinds, cutting rates, and setups. 


table 94 . . RECOMMENDED CUTTING SPEEDS FOR SINGLE-POINT TURNING 





AIS! NUMBER 
aA, 





410 416 


Tool and PH 
Grades 430 430F 


Operation 


420 440 
420F* 440F* 


302 303 





CARBIDE TOOLS 
Roughing. . 130-180 
Finishing. . 150-300 
HIGH COBALT TOOLS 
Rouching... 100-130 
Finishing. . 100-150 
HIGH-SPEED TOOLS 
Roughing. 60-90 
Finishing 100—120 


150-200 
200-400 


150-200 
200-400 


100-150 
150-200 


100-130 
100-150 


80-100 
80-130 


80-100 
100-150 


100-150 
150-200 


100-150 
150-250 


80-100 60-80 
100-150 80-100 


60-80 40-60 
80-120 60-80 


150-250 
200-400 


130-180 
150-300 


100-150 
150-200 


100-130 
100-150 


60-90 70-90 
100-120 100-140 





*Free-machining grades allow a minimum increase of 10% in the cutting rates shown. 


table 95 . . RECOMMENDED FEEDS FOR TURNING 





AUTOMATIC SCREW MACHINES 
Dee 





‘ Turret 
Operation Lathe 


Heavy-Duty 


Feed (IPR) 


Light 


Swiss Automatics 





BOX TOOL 
Rough 
Finish 

FORM TOOL 


0.005-0.015 
- 0.003-0.010 


. 0.001-0.003 


0. 0005-0. 001 
CUTOFF 0.0005-0. 0025 


SINGLE-POINT TOOL 


0.005-0.015 
0.003-0.010 


0.003-0.005 


SHAVING 


0.005-0.010 
0.003-0.005 


0.001-0.003 
0.0005—0.001 


0.001-0.003 


0.0005-0.0015 
0.0005-0.0015 


0.002-0.005 
0.002-0.005 


0.0003-0.001 —_ 
0. 0002-0 . 0004 _ 


0.0005-0.001 


0.0002-0.0003 


0.0005-0.001 
0.0005-0.001 
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work can be aided by placing as much of 
the work as possible in the collet or 
chuck, permitting the removal of heat 
by conduction. 

Mineral oils of the sulfur or sulfur- 
chlorinated type thinned with paraffin 
blending oil. are most often chosen for 
machining stainless. Suggested mixtures 
are to thin with five parts paraffin for 
high-speed, light-feed automatic opera- 
tions with free-machining grades, three 
parts paraffin for average speeds, two 
parts paraffin for coarse threading, and 
one part paraffin for non-free-machining 
chrome-nickel grades. 

If tools wear excessively the amount 
of paraffin should be increased, if chips 
weld to the tool or the tool burns less 
thinner should be used. 

Soluble oils are not extensively em- 
ployed, but will do an effective job with 
high speeds and light cuts on some opera- 
tions. Mixtures should be heavier than 
is usual with soluble oils for maximum 
lubrication. 


Turning 

Single-point turning of stainless is per- 
formed with carbide tooling in most in- 
stances. Tools are ground with the same 
standard-rake angles as for alloy steels. 
However, when turning large sections, 
vibration and chatter break down car- 
bides rapidly. If this occurs a tougher 
grade of carbide, a cast alloy, or HSS 
should be selected. Tools must be ground 
with high rake angles and run at reduced 
speed. This will prove more efficient in 
the long run, however, as depth of cut and 
feed rate both can be increased. When- 
ever possible, the carbide toolbit and 
holder should be double the size required 
for HSS or cast-alloy tools. This provides 
added resistance to shock and better heat 
dissipation. 

Typical tools have 5 to 10° back rake 
with a slight nose radius. For medium or 
light cuts, a chip-breaker or curler grind 
is necessary to eliminate long stringy 
chips. A chip-curler groove, where the 
groove does not break through the front 
edge of the tool, will permit a greater 
depth of cut. 

For best finish a secondary operation 
is advisable, a cut of 0.003 to 0.008 in. 
at a feed of 0.001 to 0.005 ipr at a speed 
high enough to produce a _ well-curled 
chip but not high enough to discolor the 
chip will give good results. 

Box tools. . For most efficient use, the 
box tool must be ground for ease of chip 
removal. A chip-curler grind gives good 
results and is satisfactory for heavy 
depths of cut. 

High-speed tooling operated at con- 
ventional speeds and feeds is recom- 
mended. High-cobalt steels (5 to 10%) 


* 
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for the high-cobalt alloys permit increased 
cutting rates but require lower depths of 
cut to avoid tool chipping. Carbides also 
are employed but usually require further 
reduction in depth of cut in comparison 
with HSS or cast-alloy tools at compara- 
ble feeds. A reduction of feed, on the 
other hand, will permit heavier depths of 
cut. For example, when using a box tool 
of % to 1 in. capacity on a turret lathe, 
a l-in.-dia bar would be turned with a 
HSS tool at %-in. depth of cut and 
0.007 ipr feed. If a carbide tool were 
substituted, under similar conditions, 
depth of cut would be reduced to % in. 
maximum, unless the feed were also re- 
duced. Carbide tools, however, permit 
higher turning speeds. 

When box-turning long sections, the 
work may bend or distort, especially 
under heavy feed or deep cuts. To avoid 
this, final adjustments for sizing the box 
cutter should be made on a turned sec- 
tion close to the spindle head to insure 
correct alignment. A bronze bushing 
should be added to the box tool or turret 
to guide and support the stock during 
the turning operation. 

Form tools. . Forming of the chro- 
mium-nickel types of stainless, exclusive 
of the free-machining types, must be 
carried out at relatively slow speeds. 
On deep cuts, compensation for side 
clearance of 2 to 5° should be made to 
prevent galling and to balance end- 
thrust. A shave tool, set up on another 
station, can remove the excess metal. 
For this reason, a circular form tool 
should be used in preference to a dove- 
tail tool. 

HSS, Cobalt steel, or cast alloy is the 
usual selection for the general run of 
forming jobs. Carbides, however, are 
used for certain types of forming opera- 
tions on single- and multiple-spindle 
equipment in making large production 
runs, 

On automatic machines and turret 
lathes, chromium free-machining types 
(such as 416 and 430 F) form satisfac- 
torily and do not require special tooling. 
The easiest stainless to form is type 303, 
a chromium-nickel steel with free-ma- 
chining addition. However, the other 
chromium-nickel types (302, 304, 316 
and 321) shouid be turned whenever pos- 
sible. If it is necessary to form these 
materials, form tools should be rigidly 
supported, cutting speeds decreased, and 
tool width should be limited to 1% 
times the stock diameter. If wider 
forming must be done, split form tools 
should be provided. These permit helpful 
side clearance angles and adjustment for 
part size after regrinding. Initial forming 
can be followed by a finish form-, shave-, 
or skive-tool operation as required for 
the part. 


Boring 

Internal boring bars should be made as 
short and rigid as possible, using the 
largest diameter that will maintain chip 
elimination. Long slender bars should 
have a pilot and bushing mounted in the 
lathe headstock. Carbide or cast-alloy 
tools are suggested for finishing cuts. 
High-speed tocls are suggested for rough- 
boring. Cuts should be continuous, par- 
ticularly on chromium-nickel types. Bor- 
ing speeds are similar to those for single- 
point turning. 


Planing and shaping 


Planing speeds for HSS average 25 to 
40 sfpm, depending on depth of cut. For 
cast alloys, the range is 40 to 65 sfpm, 
and for carbides is 125 to 200 sfpm. 
Shaping operations are set up in the same 
ranges. 


Broaching 


Broaches must be designed for the 
specific grade and working conditions. 
Stainless usually broaches best in the 
hardness range of 200 to 240 Bhn, but 
most broaches will handle stainless to 35 
Re. Cut per tooth usually ranges from 
0.001 to 0.005 in. with speeds of 8 to 25 
sfpm depending on the grade. 


Milling 

Best results are obtained with heavy 
equipment. Large diameter cutters can 
readily exceed the capacity of most 
mills; consequently depths of cut and 
feeds must be limited. Rigid tools, large 
stub arbors, helical mills, and other de- 
vices to reduce vibration help in milling 
stainless. Climb milling is advantageous 
because the cutting forces are directed 
downward into the machine bed. How- 
ever, it should be used only when the 


machine is equipped with a backlash 
eliminator or hydraulic feed. 

Feeds are largely determined by the 
available horsepower, but should be held 
to a minimum of 0.005 in. per tooth 
for roughing and 0.003 in. for finishing. 
A good rule is to favor low spindle 
speeds while using heavy table feeds. 
Carbide mills can take heavy feeds but 
the increased cutting rates they make 
possible cannot be fully utilized except 
on modern, heavy-duty, adequately 
powered machines. End mills should be 
as short as possible for top rigidity. 

A heavy circular section of cast iron 
or steel mounted on the arbor adjacent 





_— 10°-15° 





Long Radius 
“ 














7*.9° 
Fig. 47. . Recommended angles for straight 
cutoff tools for stainless steel 














Fig. 48. . When turning small diameter 
stock, better chip clearance between roll 
and top of cutter may be had by dropping 
the too! and increasing angles as shown 





SUAL GRIND FOR CIRCULAR 
‘CUT-OFF TOOL 


| EXTREME TOOL WEAR WHEN 
; RUNNING STAINLESS STEELS 


GRIND SLIGHT F 
FACE HERE AT 99° 
TO AXIS OF WORK 


SUGGESTED MODIFICATION FOR STAINLESS STEEI 








p 
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BEFORE ~ 


CUTTING 


CUTTING = -- 
POSITION 








fy 2° 
il ll DISH ANGLE 
OR RELIEF 











Fig. 49. . Flat ground on circular cutoff tool increases life of tool. During cutoff, tool de- 
flects, providing 1 or 2° side relief. Conventional grind wears rapidly 
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Fig. 50. . Step milling with carbide-tipped 
cutters takes heavy cuts at reduced table 
feeds. As only one blade cuts on one plane, 
chip load is calculated on one cutter instead 
of four 


Length Drill 


Chip Clearance 
Appro 
2 x Drill Dio. 


Equal! to 
One Drill Dic 


























Fig. 51. . Drill-jigs for stainless should have 
short bushings and provide ample space for 
chip clearance to avoid packing or jamming 


. . Stainless 


to milling cutters for side cutting or 
straddle-milling will prevent cutter de- 
flection, have a flywheel effect, and per- 
mit increases in table feed. 

The use of negative rake for carbide 
milling cutters usually is determined by 
the type of cutter and by the operation 
to be performed. It is particularly help- 
ful when impact cutting is involved. 
Negative rake tends to direct the cutting 
forces into the cutter body, thus taking 
advantage of the high compressive 
strength of the carbide. In some cases, 
a slight negative rake or land is used 
instead of a full negative rake. This 
land usually is not much larger than 
the rate of feed per tooth. 

Step milling. . The step mill with 
carbide-tipped cutters is effective and 
economical on stainless-steel pieces in 
both large and small lots. Step mills 
are modified face mills with inserted 
tools. Cutting edges are set at progres- 
sively greater depths so only one tool 
takes the final finishing cut. The step 
mill is designed for deep cuts at rela- 
tively low feed per revolution. However, 
with the higher spindle speeds possible 
with carbide tools, table movement is 
fast and large volumes of metal are re- 
moved at considerable depth. 


Drilling 
Stainless requires only slight modi- 
fications of standard drills. For most 


table 96 . . STANDARD CHASER GRINDS FOR STAINLESS 





Type of Head 


420 
420F 
440A 

440B 
440C 


440F 





Tangent. 

Circular... 

Inserted or Milled. 
Hobbed or Tapped or Solid 


15°-20° 

15°—20 

10°-12° 
7°-10 





table 97 .. 


RECOMMENDATIONS FOR SAWING STAINLESS* 





Sheet Thickness 
(in.) 


Saw Pitch 
(Teeth Per Inch) 


Saw Speed 
(FRM) 


Cutting Rate 
(Sq in/ Min.) 





Under 4 


10 
10 
10 


High-Speed 


24-32 


100-150 2.50 -400 
100 1.00 -2.50 
75 0.75 -1.00 
50-75 0.50-0.75 
50-75 0.107-0.50 
(lineal fpm) 
3000-6000 120 
6000-9000 75 
6000-9000 55 
9000-12000 20 
12000-15000 10 
12000-15000 6 





“Standard or buttress saw, % to 1 in. wide (use as wide a saw as possible for radius cutting); 
0.042 to 0.065 in. set, depending upon saw width; saw temper A. 
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applications the drill point should be 
flattened to an included angle of ap- 
proximately 130° to 140°. The web 
should be thinned to reduce cutting 
torque and excessive frictional heat. 
A land ground on the cutting edge of 
small drills will strengthen the edge. 
On large drills, a chip-curler groove will 
reduce cutting torque and assist in chip 
elimination. 

Speeds for drilling can generally be 
70 to 80% of those for mild steel. Small 
drills are usually run slower than recom- 
mended speeds to prevent breakage. 

Feeds for drilling stainless depend on 
the drill diameter and the depth of hole. 
The following feeds are recommended 
as a starting point, adjustments can be 
made as required: drills to ¥%-in. dia, 
0.002 ipr or less; to %4-in. dia, 0.004 ipr; 
to %-in. dia, 0.007 ipr. Drills larger than 
\Y%-in. dia take correspondingly greater 
feeds; those smaller than %-in., smaller 
feeds. 

Power-fed drillpresses give far better 
results in drilling large holes than 
those with hand feeds because of posi- 
tive feed control. Hand-fed presses are 
best with small drills, but a steady pres- 
sure on the drill must be maintained. 
Feeds can be extremely light but must 
be constant. Should the drill ride and 
work-harden the surface, subsequent drill- 
ing becomes very difficult, particularly on 
the chromium-nickei types of stainless. 

In conventional drilling, the drill 
should be backed out to clear chips if 
the depth of hole exceeds 3 drill diam- 
eters. Back out the drill after an initial 
insertion of 3 to 4 drill diameters, after 
a second insertion of 1 to 2 diameters, 
and after subsequent insertion of %2 to 1 
diameter. This rule is especially useful 
in automatic work. Where the drill size 
permits, a chip curler allows deeper pene- 
tration before backing out the drill. 

Deep-hole drilling requires fine feeds 
to aid in removing chips. With small 
drills particularly, attention must be 
given to depth of penetration in relation 
to drill diameter. Any drilling job that 
is deeper than 7 drill diameters must be 
treated as a deep-drilling operation. 
Feeds and speeds must be reduced and 
crankshaft drills must be employed. 

Drills should be as short as possible 
for utmost rigidity. This is especially 
important if breakage of small-diameter 
drills is to be avoided. 

When using drills to enlarge previ- 
ously drilled holes, such as in counter- 
boring, cutting rates must be decreased 
as the outer edge of the drill is subject 
to higher cutting temperatures with 
poorer heat dissipation than in normal 
drilling. 

In drill-jig design, the drill bushing 
should not be longer than twice the drill 
diameter. A clearance of 1 drill diam- 
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eter should be provided between the 
drill bushing and the work. These two 
provisions greatly facilitate the elimina- 
tion of chips. The drill bushing should 
not be used as a holding device, but the 
drill-jig design should incorporate ade- 
quate holding provisions. 


For general or short-run work on 
stainless steel, standard HSS, straight or 
helical fluted reamers perform satis- 
factorily at speeds of 30 to 60 fpm. On 
production jobs, carbide-tipped reamers 
give better finish but should be operated 
at 150 to 300 fpm. These speeds may 
not be possible on automatic screw ma- 
chines, but even though reduced speeds 
may cut down tool life, carbide reamers 
generally are more satisfactory than HSS 
reamers. Carbide-tipped reamers should 
have a 30° lead angle. Both types should 
have narrow lands. 

A definite cut must be taken to avoid 
riding of the tool and burnishing the 
surface. About 0.003- to 0.010-in. should 
be removed at a feed of 0.003 to 0.008 
ipr according to size of reamer. Too 
much lubrication may prevent proper 
cutting; consequently when reaming is 
difficult, thin the sulfur-base oil with 
paraffin. Tapered holes requiring a fine 
finish should be bored rather than reamed 
for best results. If finish is not critical, 
taper reamers can be used with satis- 
factory results. 


Tapping 

Ground-thread taps for class 2 fit, 
with slightly more taper than those used 
on dead-soft brass, and having a hook 
grind of about 15° are indicated for 
stainless. A slight negative rake and 
decreased tooth height and thickness at 
the center portion facilitate tapping. In- 
terrupted-thread taps with thinned-out 
lands are used for deep holes, and 2- 
fluted laps with 15 to 20° shear angle 
for through holes. Collapsible taps with 


Forging 


All of the stainless steels require more time to reach 
the forging temperature and are tougher at elevated 
temperature than the carbon steels. These are not the 
properties that make for easy forging, yet forging is pos- 


sible with careful handling. 


. Stainless steel pressure welds with difficulty, which 
makes surface defects a serious problem. For hammer 
more blows at about twice the 
power required for carbon steel will be needed. For this 
reason board drop hammers are rarely used. 


forging, about 25% 


a 15 to 20° lip hook are excellent for 
holes over 1 in. 

When a tap is shortened for bottom 
tapping, the taper lead should be main- 
tained. Threads in chromium-nickel tend 
to swell and may be compensated for by 
a slightly larger drill than for plain car- 
bon steel. Two-fluted taps provide maxi- 
mum strength and chip clearance. 

Because of their strength, gun type or 
chip-driver taps with either straight or 
spiral flutes, should be used on stainless 
jobs wherever possible. As they direct 
the chips ahead of the tap, chip clearance 
is facilitated. They are effective on 
blind holes if sufficient chip room is avail- 
able, but should have a flat ground on 
their cutting edges. This breaks chips 
and prevents clogging the hole. 


Threading 


All grades of stainless can be threaded 
satisfactorily. Self-opening dieheads gen- 
erally are used for production threading 
and solid adjustable heads on small- 
diameter stock. Slow threading speeds 
are recommended for all stainless grades; 
5 to 10 fpm where best finish is re- 
quired; 10 to 20 fpm for National 
Coarse, tapered pipe, and Acme threads; 
and 15 to 25 fpm for National Fine 
threads. 

Properly ground, all types of thread 
chasers can be used. A chamfer of ap- 
proximately 20° insures good cutting 
action and clean threads, while a clear- 
ance angle, or relief, back of the cutting 
edge permits better lubrication and pre- 
vents pickup on fine-pitch threads. Keep 
die heads in proper alignment; in some 
cases, an adjustable holder will permit 
correct alignment. 

Chasers should be kept sharp by 
grinding at regular intervals. This in- 
sures best surface finish and good tool 
life. 

Tangential chasers, because of their 
high rake angle (20°), usually are se- 
lected for cutting National Coarse or 
Acme threads. Cutting these threads 


begun. 


exerts tremendous pressure on die heads. 
Consequently, when working stainless it 
is advisable to keep well under the rated 
capacity of the head. A good rule is 
never to exceed 50% of its capacity. 
Under average threading conditions this 
value may be raised to 75%. Large 
chasers not only resist cutting pres- 
sures but also help in conducting heat 
from the cutting area. Large chasers, 
therefore, hold up much better than 
small ones. These suggestions do not 
apply to fine threading. 

Extremely accurate or highly finished 
threads, such as required for instrument 
parts and the like, should be produced 
by thread grinding or milling. 


Power sawing 


Because the nickel-chrome alloys have 
a tendency to work harden, a positive 
feed must be used and at no time should 
the saw blades be permitted to ride over 
the material without cutting. 

Power hacksaws are used on I- to 6- 
in. sections and are operated at 60 to 
100 strokes per minute. Best results 
are obtained with a blade having a pitch 
of 6 teeth per inch. Increase blade pres- 
sure with free-machining types of stain- 
less. For sawing thin sections under 1- 
in. dia, blade pitch should be finer to 
permit engagement of at least two teeth 
in the cut. Either sulfur-base or water- 
soluble oil is satisfactory. 

The power bandsaw can be used both 
for cutting contours in stainless sheet 
and for blanking and trimming work 
that otherwise would require expensive 
dies. In low-speed sawing, teeth must be 
very sharp and, because of the work- 
hardening characteristics of the chro- 
mium-nickel types, the saw must cut at 
all times to avoid shortening saw life un- 
necessarily. Coolant is helpful on thick 
sections but not on the lighter gages. 
Friction sawing is very successful on 
thicknesses up to % to % in. Radii as 
small as % in. can be cut. Operating 
data for both types are in Table 97. 


Die life will be about half that obtained in forging 
carbon steels. Dies should be preheated before forging is 


Martensitic steels harden in air which adds to the 


difficulty of forging. Stock should be preheated to about 


be avoided. 
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1450 F and soaked for a considerable length of time. 
When the steel is raised to forging temperature, it should 
be held longer than carbon steel. Frequent reheating 
during forging is necessary if cracking of the work is to 
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table 98. . FORGING TEMPERATURES 
FOR STAINLESS 





Finish 


Begin 
Type Preheating, °F Forging °F Forging °F 





Above 1700 
Above 1700 
Above 1700 
Above 1700 
Above 1800 
Above 1800 
Above 1700 
Above 1800 
1450-1500 
1600-1700 
1500-1600 
1650-1700 
1350-1400 
1350-1400 
1700-1750 
1300-1400 
1300-1400 
1650-1700 


302... . 1500-1600 
302B.. . 1500-1600 
303... . 1500-1600 
304. 1500-1600 
309. 1500-1600 
310 1500-1600 
321 1500-1600 
347... .1500—1600 
403... . 1400-1500 
410... .1400—1500 
416... .1400—1500 
420... .1400—1500 
430... .1400—1500 
430F .. 1400-1500 
440... . 1400-1500 
442... . 1400-1500 
446... . 1400-1500 
501 1400-1500 


2100—2200 
2100-2150 
2100-2200 
2100-2200 
2200-2300 
2100-2200 
2150-2200 
2150-2200 
2000-2100 
2000-2100 
2100-2200 
1950-2050 
1900-2000 
2000-2100 
1850-2000 
1900-2000 
1900—2000 
1950-2000 





Steels with more than 0.60 C require 
greater care to avoid overheating. Struc- 
ture of the steels in this group may 
become austenitic if overheated and 
then they will not harden as well. 

After forging, the martensitic steels 
should receive slow, even cooling. This 
hardens the steels and, if machining is 
required, an annealing operation is neces- 
Sary. 


Forming 


High ductility of chromium-nickel stainless provides 
good deep-drawing qualities, but the high strength and 
tendency to work-harden indicates modified procedures 
and greater power requirements. Straight high-chromium 
steels of lower ductility and tendency to become brittle 
at high temperatures, can be drawn, but may require 


more intermediate annealing. 


Reductions as high as 50 to 55% 
have been made under certain conditions, 
but the normal drawing reduction in the 
initial draw is about 40%. This varies 
with gage and diameter of blank. On 
14-gage, 18-8 stainless with a blank 
diameter of over 36 in., 30 to 35% is 
a safe limit. Subsequent draws will be 
between 20 and 25%, depending on size 
of blank and material being handled. 
Straight-chromium steels can be re- 
duced about 20-25% in the first opera- 
tion. For extra deep-drawing qualities, 
a hardness not exceeding 80 Rockwell B 
is desirable. 

Solid dies of the high-carbon, high- 
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. .. Stainless 


Ferritic steels should be preheated and 
soaked thoroughly at about 1450 F. If 
overheated, a coarse grain structure is 
formed and toughness and ductility are 
lost. 

Forging should be rather rapid at the 
beginning but should proceed more 
slowly as the metal cools. Best results 
are obtained when forging is finished at 
a low temperature, usually below 1400 
F. Grain refinement is obtained in this 
way, with resultant improvement in 
properties. It is well to establish the 
initial forging temperature as low as pos- 
sible for the amount of work to be done 
to bring finish forging into this rela- 
tively low temperature range. Although 
there is negligible hardening of these 
steels, annealing is sometimes desirable 
to remove strains. 

Austenitic chrome-nickel steels vary 
in hardness at forging temperatures but 
because all have a higher nickel content 
and high-temperature strength to some 
degree, they are relatively difficult to 
forge. They should be soaked at the pre- 
heat temperature long enough to assure 
even heating. They should then be 
raised as rapidly as possible to the 
forging temperature. Holding at this 
temperature, except in the case of types 
310 and 311, is undesirable. 


Hammer forging is started with light 
blows, then proceeds rapidly. Chrome- 
nickel steels will work harden below 1700 
F and become brittle which requires fin- 
ishing at a relatively high temperature. 
After forging, the steels should be cooled 
rapidly to avoid carbide precipitation. 

Accurate temperature control is essen- 
tial with all the stainless steels. Exces- 
sive temperatures, in addition to diffi- 
culties already mentioned, may cause 
splitting or rupturing of the billets. Tem- 
peratures that are too low result in un- 
equal stresses that may lead to later 
cracking. 

All of the stainless steels scale at 
forging temperatures, but the scaling is 
greater and is more tenacious in the 
lower-alloy grades. Salt baths with 
chemically neutral salts provide a mini- 
mum amount of scale. Any type of cya- 
nide bath should be avoided because it 
will carburize or nitride the surface. In- 
duction furnaces will provide scale-free 
heating. Controlled atmospheres of dry 
cracked ammonia or dry hydrogen also 
give scale-free heating. 

Hot trimming followed by a hot re- 
strike operation is the preferred method. 
A high trim temperature prevents crack- 
ing or breaking. If cold trimming can- 
not be avoided, anneal parts first. 


Because chromium-nickel stainless work-hardens, it is 
necessary to use a lower press speed, say a conservative 
rate of 25 to 30 fpm. A number of fabricators have in- 
creased speeds to as high as 50 fpm by careful attention 
to die design, lubrication, and close annealing control. 
However, for average practice, a lower speed will be safer 


and prevent the metal from being drawn too rapidly. 


chrome composition are suitable for 
drawing chromium-nickel. Chromium- 
nickel cast-iron dies stand up well for 
severe reductions on fairly long runs. 
Tungsten-carbide dies for long-run draw- 
ing of small parts have long tool life. 
On larger parts, tungsten-carbide inserts 
are used on draw rings, but cost is high 
and breakage possible. Cast-iron tools are 
suitable for short-run work on the lower- 
tensile stainless steels. 

Hard cast bronze of 300-325 Brinell 
hardness is almost a standard draw-ring 
material with many companies. The 
centrifugally cast grade has longer life. 
Chromium-nickel cast-iron draw rings 


are recommended by certain press manu- 
facturers and fabricators for long-run 
drawing. Polishing of both the draw 
ring in the direction of drawing is 
recommended, and a growing practice is 
to stone the draw ring on the radii. 
Improved finish and more pieces between 
grinds has resulted. At the first sign of 
metal pick-up it is advisable to stone 
tool surfaces. 

Preheating the dies to about 200 F in- 
creases the ductility of straight-chromium 
steels and makes them more adaptable 
to deep-drawing operations. 

Draw-ring radii should be 4 to 6 
times the thickness of the steel. This 
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avoids stretching the metal and allows 
it to flow more freely into the die, at 
the same time decreasing the rate of 
work-hardening. 

For a first operation, with a moderate 
draw, the punch diameter may be 60% 
of the blank diameter. Following draws 
are made, after intermediate cleaning and 
annealing, with punches approximately 
20% smaller in diameter for each suc- 
cessive operation. 

Blanking and punching. . Power re- 
quirements for blanking and punching 
Stainless will vary in proportion to the 
shear strength of the materials being 
worked. The chromium-nickel types of 
lower tensile strength (approx. 100,000 
psi) will require at least 40% more power 
than similar thicknesses of mild steel. 
Speeds should be lowered to about two- 
thirds that required for mild steel. As 
straight chromium steels break out about 
the same amount as mild steels, dies and 
punches may be set conventionally. 

In blanking and punching, as in shear- 
ing, the clearances for chromium-nickel 
steels should be set closer than for mild 
steels, Clearance for light-gage stainless 
should be between 0.0015 and 0.0025 in. 
maximum. For heavier gages, clearances 
of 0.0025 to 0.0040 in. are considered 
good practice. 

Shear of the punch should not be too 
great, but should put the metal in a 
slight state of tension just before cutting 
begins. Present shop practice indicates 
that the shear is no greater than the 
thickness of the metal. Because of the 
higher ductility and elongation of chro- 
mium-nickel grades, the shear may be 
slightly increased over standard mild 
steel practice to provide a slight break- 
ing-through and speed the cut. Both die 
and punch may be made of the same 
type of steel, either an air- or an oil- 
hardening tool steel usually being pre- 
ferred. 

In one-level punching of holes, sug- 
gested pressures may be multiplied by 
the number of holes to be punched. The 
resultant tonnage should not exceed about 
two-thirds the rated capacity of the 
equipment. If punches are stepped one- 
half of the metal thickness, or more, the 
total pressures can be divided by the 
number of steps attained. 

By reducing press speed to about one- 
half to one-third of mild-steel practice 
and increasing the power at least 75%, 
stainless steel can be satisfactorily per- 
forated. It is inadvisable to attempt to 
perforate straight chromium steels where 
the holes are smaller in diameter than 
stock thickness, or chromium-nickel 
steels where diameter of the holes is 
less than 114 to 2 times metal thickness. 
After perforating, it may be necessary to 
flatten or anneal the work for certain 
applications. 


table 99. . 


DRAWING CLEARANCES AND RADII FOR STAINLESS STEELS 





Chromium-Nickel 
Metal 


Straight Chromium 





Thickness ie Die 
Radius 
in. u in. (1) 


Die Punch 
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In.(1) In. (2) 
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In. 
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Note—(1) For first drawing operation. 


(2) This dimension dependent on design requirements. 


Spinning. . More turning power at the 
lathe head is required for spinning stain- 
less steel than for mild steel, and gen- 
erally it is not spun to as great a depth. 
Spinning speed for chromium-nickel 
steels is usually %4 to % the speed for 
dead-soft copper. Straight-chromium 
grades may be worked at about 2/3 the 
speed used for spinning mild steel. 

While it is desirable to do the maxi- 
mum amount of spinning before the first 
anneal on chromium-nickel grades, aver- 
age shop practice indicates that it can 
proceed about 1/3 as far as mild steel. 
Wherever possible, it is good practice to 
leave 1 or 2 in. of rim metal unworked 
until the operation is nearly complete. 
This prevents cracking or splitting from 
the edge. 

Spinning tools are preferably of the 
roll type, and are made of hardened 
alloy steel or chromium-nickel cast iron. 
A greater bearing surface than is cus- 
tomary with softer metals is desirable. 
Stoning of this surface extends tool life 
and leaves a better finish on the work. It 
is good practice, if design of the part 
permits, to subject the metal only to 
tensile stresses, as compressive stresses 
make operation more difficult. 

Lubricants of fairly high viscosity 
with extreme pressure additives are 
recommended for severe deformation. 
Water-soluble lubricants and white laun- 
dry soap may be used on lighter gages 
and moderate deformation, but should 
be applied liberally. As with other fab- 
ricating processes, thorough cleaning 
should precede annealing. 

Shearing. . Stainless steels, particularly 
the chromium-nickel types, call for a 
more powerful shearing action than mild 
steel. Current practice is to use shears 
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about 4 to 5 gages heavier than those 
used for mild steel, at the same time 
slowing down the speed by about 25%. 
Equipment with hydraulic holddowns is 
desirable for shearing polished stainless, 
and the pressure may be reduced where 
good surface finish must be maintained. 

High-speed-steel knives of high quality 
give best results and a low rake or shear 
of about 1%2° on the upper knife is 
preferable. Knives should be ground 
with a lip clearance as great as can be 
maintained without chipping. Straight- 
chromium steels will break out much in 
the same manner as mild steel, after 
about 50% of their thickness has been 
cut. 

Because of their high physicals and 
work-hardening characteristics, the chro- 
mium-nickel steels require a close ad- 
justment of the knives and maintenance 
of a sharp cutting edge at all times. Dull 
knives or too great a clearance will 
tend to twist the sheet, drag it over the 
edge in a drawing action and make the 
cut extremely difficult to complete. The 
cut should be as continuous as possible, 
with no attempt to chop through. 

Standard commercial nibbling ma- 
chines are suitable for cutting irregular 
or special shapes from light plates and 
sheet. Mechunical feeding devices and 
treadle operation facilitate this type of 
cutting. 

Bending and forming. . Bending and 
forming equipment, rated at a de‘inite 
capacity for mild steel, is limited to 
stainless steel several gages lighter. Aside 
from the added power and reduced speed 
for chromium-nickel steel, increased 
springback must be compensated for in 
design of the tools. Springback is over- 
come by bending the work to an angle 
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greater than that desired. Angular spring- 
back is sometimes avoided in thick metals 
by rounding the V in the die to conform 
with the outside bend in the work. The 
sharp angle on the punch is made about 
1 to 2° less than the die angle for con- 
ventional 90° bends. The punch in com- 
ing down then scores a line in the fin- 
ished bend and sets the metal over a 
positive support. 


Joining 


Riveting 


The chromium-nickel stainless steels 
may be riveted cold when the rivet diam- 
eter is less than 3/16 in. To reduce the 
effect of hardening under cold work, it 
is desirable to set rivets up on hydraulic 
riveters in one blow rather than to do 
so in a rapid succession of blows. But- 
ton heads are recommended for cold 
work. 

On larger sizes, the operation is best 
performed hot with temperatures con- 
trolled accurately. Riveting should be 
finished above 1600 F to avoid driving 
within the range of lower ductility; to 
insure this, it is desirable to conduct the 
driving between 2050 and 1900 F. 

The straight chromium stainless steels, 
except types 420, 440, 442, and 446 may 
be driven cold in smaller diameters. 

Larger diameters should be hot riveted, 
but with martensitic types, heating should 
not exceed 1450 F—otherwise sufficient 
air hardening may result to snap off the 
heads of the rivets when cooling. 

Maximum temperature for hot riveting 
the ferritic types must be carefully con- 
trolled to avoid increasing grain size and 
consequent loss of ductility. Type 430 
should not be heated above 1500 F. 
Types 442 and 446 should not be heated 
above 1600 to 1700 F. 

Furnaces with close temperature con- 
trol are essential, and short-time heating 
is necessary to prevent excessive scale. 
Ten minutes for chromium-nickel steels 
and 25 to 30 min. for the straight chro- 
mium steels are suggested. 


Soldering 


All types of stainless steel can be 
soldered, either with the soft lead-tin or 
the hard silver solders. It is recommended 
only as a means of filling or sealing 
joints, and should not be depended upon 
for mechanical strength. Joints to be 
sealed by solder should always be spot 
welded, riveted, or joined by other me- 
chanical means if strength is required. 
Welding is preferable where possible. 
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Cold heading. . Most grades of stain- 
less steels are well adapted to cold head- 
ing for the production of bolts, nails, 
rivets, cotter pins, screws and similar 
products. Usual practice is to cold-head 
the straight-chromium types up to a 
maximum of %-in. bolt diameter, and 
the chromium-nickel types up to 7/16- 
in. diameter. Diameters larger than this 
are generally hot headed. For cold-head- 


Brazing 


Since stainless steels can readily be 
welded by any of a number of processes, 
brazing is not recommended as a joining 
technique. While it is possible to pro- 
duce mechanically tight joints, the braz- 
ing alloy may penetrate the crystalline 
structure of the steel and cause brittleness 
and reduced ductility. Silver soldering 
is recommended over brazing if the work 
cannot be welded. 


Welding 


The stainless steels can be welded by 
all methods applicable to carbon steel 
except hammer or forge welding. Car- 
bon-arc welding is not recommended. As 
is the case with all materials, changes 
affecting their physical or corrosion-re- 
sistant properties can occur through 
heating which occurs in the welding 
process. Techniques that minimize heat- 
ing of large areas of the work should be 
used. 

The austenitic grades are most highly 
recommended for welding. Welds made 
with the austenitics are naturally tough 
and ductile and can have the same corro- 
sion resistance as the base metal. If the 
welded material is to withstand severe 
corrosive attack, anneal after welding, 
use a low-carbon modification such as 
304L or 316L, or a stabilized type such 
at 321 or 347. 

The ferritic stainless steels are not as 
weldable as the austenitics. But they can 
be welded by any commercial method 
except hammer or forge welding. If 
properly annealed they are quite tough, 
ductile, and have good mechanical qual- 
ities, although not equal to those of the 
austenitics. The 18% chromium types 
such as 430 are most commonly welded. 

The hardenable martensitic types can 
be welded by the special techniques used 
to weld tool steels and other high-alloy 
steels. They require pre-heating, post- 
heating, or both—and a full anneal of 
the finished weldment is desirable. The 
lower chromium types, such as 410 with 


ing, stainless steels are furnished in coils 
properly annealed and supplied with a 
lubricant coating. 

When cold-heading, it is preferable to 
use a size larger heading machine than 
would be required for the same size in 
mild steel. Dies may be either closed 
or open, except in the case of the free- 
machining types, for which closed dies 
are preferred. 


12% chromium, can be softened satis- 
factorily by annealing. 

In the design of welded joints, butt- 
welds, single or double, are preferred to 
equalize stresses. Butt welds are more 
satisfactory than corner or flange and 
lap welds. Complete penetration is al- 
ways desirable, especially if the structure 
is to be subject to shock. Annealing, as 
mentioned, is always recommended 
wherever possible. It is essential with the 
martensitic grades. 

Arce Welding. . Fusion welding by 
metallic arc provides instantaneous heat 
at the point needed and for just the 
right length of time and provides quick 
dissipation and minimum heat build-up. 

Metallic-arc electrodes are coated with 
prepared flux which rises to the top of 
the pool and protects the deposit from 
oxygen and nitrogen of the air as the 
bead cools. Some of the ingredients of 
stainless-steel electrodes, such as chro- 
mium and columbium, are partially lost 
in passing through the arc. Rod analysis 
must compensate for this, as additions can 
be made to the flux coating. About 25% 
of the columbium originally in the elec- 
trode analysis is lost, so compensation 
must be made. Nickel and molybdenum 
are not lost to any appreciable extent 
when passing through the arc. Control 
of carbon is obtained by using low-carbon 
rods. 

Direct current is more frequently used 
than alternating current for metallic-arc 
welding of stainless, and reverse polarity 
is employed, except in heavy-gage plate 
work. A short gap between rod and work 
enables flux protection to be maintained. 
Weaving, except for wide beads, is 
avoided. A weld must be made on clean 
metal, and rods must be clean and dry. 

Chromium-Nickel Steels. . The low 
heat conductivity of chromium-nickel 
steels tends to cause a backup of heat to 
the molten pool of welding metal, caus- 
ing its adjacent areas to be held in the 
critical range of 800-1600 F. Carbide 
precipitation then takes place on two 
bands parallel to théfbead, one on each 
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side of and close to the welding bead, 
and it is along these boundaries that in- 
tergranular corrosion takes place. Sta- 
bilizing chromium-nickel prevents this 
and is particularly desirable where heavy 
sections are to be welded. 

Butt welds are readily made in all 
thicknesses of stainless down to about 
No. 20 gage with metallic arc. Below No. 
16 gage and down through No. 24 gage, 
welding machines are especially con- 
structed for light-gage welding. On thick- 
nesses up to No. 10 gage, a straight 
shear-cut is used. On lighter gages, the 
edges may be set-up without a gap— 
actually touching each other. 

Thicknesses over No. 10 gage are gen- 
erally bevelled to a 30° angle on each 
side of the section, leaving the bottom of 
the V about %e in. or %e¢ in. above the 
bottom of the joint. Many fabricators use 
a U-shape groove on stock over % in. 
Thicknesses of %g in. are generally the 
maximum that can be welded with one 
pass of the arc. 

In light-gage work, it is sometimes ad- 
visable to weld a butt joint from both 
sides, the first bead supplying the major 
portion of strength. The second and 
lighter bead is laid on as a stringer bead, 
with emphasis on uniformity rather than 
strength. This second bead would have 
less carbide precipitated along its grain 
boundary and should be placed on the 
side of the sheet to be exposed to cor- 
rosive agents. Where multiple beads are 
necessary, they should be laid down in 
a succession of light beads rather than 
in one or two heavy beads. With succes- 
sive beads, each layer should be cleaned 
with a stainless steel wire brush. The first 
layers can also be peened with a blunt 
tool to help relieve stresses. Because of 
the successive heating and slow cooling 
of the initial layers, the use of stabilized 
chromium-nickel steel and rod is even 
more desirable. 

Alignment of joints for welding may 
be maintained by either tacking or weld- 
ing jigs which may be supplemented by 
cooling devices. On light gages, tacks 
may be small and spaced about 1 in. 
apart. For 2-sided welding they should be 
placed on the side opposite the first bead. 
On deep-groovye work, tacks may be 
either on the bottom side of the joint or 
deep in the groove. 

Cooling bars may be placed on either 
side of the point of the upper surface and 
a combinat‘on cooling and backing-up 
bar at the bottom to effect rapid cooling 
and absorb excess heat. Copper is used 
to compensate for the low heat con- 
ductivity of stainless. A slight increase in 
molybdenum in chromium-nickel steels 
gives a better balanced alloy for welding 
but will also be a little stiffer to handle. 
Welding currents will be lower than 
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for plain carbon steel of equal thickness. 
Actual current settings also depend on 
the machine, speed along the joint and 
upon the cooling arrangements. For gen- 
eral guidance a good starting point is 
about 10% less than carbon steel. For 
stainless, the arc should be as short as 
possible. Correct voltage is indicated if a 
slight withdrawal breaks the arc. 

Straight Chromium Steels. . These 
steels differ from chromium-nickel grades 
in that they are: Not subject to carbide 
precipitation adjacent to welds, being 
stable at all temperatures. 

Sometimes characterized by brittleness, 
due to air-hardening characteristics or in- 
crease in grain size. This brittleness may 
be corrected by subsequent heat-treat- 
ment. 

Steels containing over 16% chromium 
are sometimes used in high-temperature 
service, which helps to improve their 
ductility. The general welding proce- 
dures for chromium-nickel types apply 
also to straight chromium steels. Pre- 
heating of straight chromium to 350-400 
F. and post-heating to slightly higher 
temperatures relieves built-up stresses. 
Post-heating may take the form of a local 


bead of straight-chromium electrode after 
the main weld has been made. Rods of 
the 25-20 chromium-nickel analysis have 
a coefficient of expansion nearest that of 
straight chromium and are sometimes 
more suitable. 

Atomic-Hydrogen Welding. . This proc- 
ess is employed on all types of thin-gage 
stainless steel. Butt, lap, fillet and raised 
edge joints similar to those for arc and 
gas torch are readily produced. An un- 
coated filler is required. Analysis is the 
same as the base metal, with a slight 
increase of carbon. 

Greater heat of the atomic-hydrogen 
method permits faster travel and there 
is reduced danger of carbon pickup. Car- 
bide precipitation must be guarded 
against, as in other forms of welding. The 
process lends itself to automatic opera- 
tions, particularly for straightaway or cir- 
cumferential joints. Beads deposited are 


table 100 . . ARC WELDING—CHROMIUM- 
NICKEL STAINLESS 





Electrode Voltage 
Metal Thickness Diom, in. Amperage Open-Circuit 























L : 0.050 in. and 
anneal, in which an acetylene torch lighter. . . vA 25-50 30-35 
traverses the weld deposit at about 1200 _ 9.050-0.0625 in. % ose 6S 
F., followed by air-cooling of the deposit. ws vader 4 50-100 40-45 
Chromium-nickel rods have been used 0.140625-0.1875- 
in welding straight chromium to increase % in. Y-% 80-125 45-50 
ductility in the bead. Where necessary, 0.250 in. and ‘ ial’ gia 
the weld has been finished with a light gins ee ea ie 
table 101 . . APPROXIMATE SPOT-WELDING CONDITIONS 
CHROMIUM-NICKEL (90-100,000 psi.) For Two Thicknesses 
Thickness 
of Electrode 
Thinner -- pe Weld Weld Weld 
Sheet, Diam., Dome Radius, Pressure, Current, Time, 
In. In. In. Ib. Amp. Cycles 
0.006. . % \@-Flat 30°* 100 1750 2 
eae oaks % 34-Flat 30°* 175 3100 2 
TT Seal ESR % 1 278 4750 3 
0.020.. % 1 350 5700 4 
0.030... % 2 500 7200 4 
0.040...... % 4 750 8400 5 
0.050.. % 4 1000 9200 8 
8 ee eae % 6 1300 10 ,000 8 
GARG ais acess 3 84 6 1600 10 ,500 ~ 
0.081.. 34 6 1850 11,000 12 
GR. t2 xc chad. 34 6 2290 11,700 12 
eh eee % 6 2500 12,600 15 
Oa aa oui 1 8 3000 13,500 15 
ES aS ~ 4300 14,700 20 
Os ttc. cs 1% 10 5500 16 ,000 25 
*Approach 
table 102 . . SEAM-WELDING 18-8 STAINLESS 
Sheet Wheel Time Cycles 
Thickness, Face, Speed, Pressure, Current, ——-— — 
In. In. In./ Min. Lb. Amp. On Off 
0.005 Biicce xacs \% 30 650 12,500 1 5 
SEE PEE Pe EE \% 30 900 8,640 2 3 
WMO. Joa Geeks M% 72 750 6 ,300 2 2 
eS Cane tree % 60 1000 7,500 2 4 
Digi... «kes vanes \% 36 1150 8,600 3 7 
MARL Sins «cas Keepin ~ 30 1400 9,500 3 9 
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characterized by good physical proper- 
ties, soundness, freedom from scale and 
smooth surface. Stabilized alloys and 
rods are naturally preferred types. 


Resistance Welding. . Electrical resist- 
ance methods are eminently suitable to 
the joining of chromium-nickel steels. 
Electrical resistance of the steel is high 
(six or more times that of steel) and heat- 
ing is rapid and confined to a limited 
area, minimizing warping. 

Because of the considerably lower heat 
conductivity of stainless, the thermal 
gradient is much steeper than with mild 
steels and the weld is more susceptible 
to variation in magnitude and time of 
welding current, welding pressure and 
tip shape. 

Welding at time intervals of less than 
5 cycles (42 sec.) should not be at- 
tempted unless timing accuracy of better 
than % cycle (440 sec.) can be assured. 
With very thin gages, where it is desir- 
able to use short time intervals, timing 
equipment of the full electronic type and 
independent of mechanical switching of 
current, should be used. A timing varia- 


Finishing 


Requirements for finish on the stainless steels vary 
widely. The following sheet surface finishes can be sup- 
plied by the primary producer. However, the appearance 
of a particular type of finish may vary somewhat with the 
different types of stainless steel owing to the different 
inherent characteristics of the materials. 

No. 1 Finish, hot rolled, annealed, and pickled—This 
is rarely used as a basic raw material for subsequent 
polishing or buffing, except in cases where forming and 
annealing would destroy higher mill finishes. It is fur- 
nished chiefly in heavier gages for industrial applications. 

No. 2D Finish, dull cold rolled—Sheets are cold rolled 
before final annealing and pickling, and, as a result, 
have a much better finish than No. 1. Sheets with this 
finish have a compact, dense surface, and maximum 
ductility and drawing quality. This finish is considered 
by many to be most suitable for severe drawing opera- 
tions. It is specified for most products that are to be 
buffed or polished after severe forming operations where 


no annealing will be involved. 


All stainless steels have relatively 
smooth, dense surfaces, making finishing 
operations easy and economical. Type 
430, for example, which currently is 
being used widely for automotive trim 
applications, usually requires only a 
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tion of more than 1 cycle (0 sec.) in 
duration of weld is not advisable. 

Electrode pressure is two to three times 
higher than with mild steel and should 
be uniform, as any variation will affect 
both current density and electrical re- 
sistance of the weld. Adequate jigs should 
be provided to hold the surfaces together 
and relieve the welding arms from the 
need of flattening out ripples and buckles. 
Lack of sufficient pressure aids develop- 
ment of blow holes inside the weld and, 
in extreme cases, in actual surface fusion 
of the metal. 

Because of the comparatively high 
contact resistance of high-tensile chromi- 
um-nickel steels, the short-circuiting ef- 
fect of the preceding welds on each new 
weld may be considerable, particularly 
if more than three metal thicknesses are 
welded together at a time and if the 
spacing of spot welds is comparatively 
close. This should be measured and com- 
pensated for by a suitable increase of 
welding current. 

For best results, electrode tips should 
be a special copper alloys having at least 
70 Rockwell B hardness and 85% elec- 


trical conductivity. They should be de- 
signed to operate at low temperatures, 
either by use of water cooling or refriger- 
ation. When very slight indentation is re- 
quired on one side of the weld, a flat 
block of copper (about 2 in. square by 
\% in. thick) may be used as one elec- 
trode. 

Projection spot welding, multiple spot 
welding and line seam welding are all 
successfully applied to stainless with 
equal consideration of the above vari- 
ables. Seam welding, because of cumula- 
tive heat buildup, requires added cooling 
precautions. 

Flash Welding. . As compared to spot 
and seam welding, flash welding is prac- 
ticed on butt-to-butt or edge-to-edge 
welding instead of overlapping pieces of 
stainless steel. Heat required to flash-weld 
chromium-nickel is about 15% less than 
that required for mild steels and the time 
one-half. The amount of metal extended 
beyond the gripping copper dies should 
be less than that for mild steels. When 
the weld is completed, there should not 
be more than 4g in. between the inside 
faces of the gripping dies. 


No. 2B Finish, bright cold rolled—This finish is pro- 
duced by a final light cold rolling. It has a bright, dense 
surface of slightly harder temper than No. 2D. It is con- 
sidered by some to be less suitable for extremely deep 
draws than a No. 2D finish. However, for less severe 


forming operations such as shallow draws, it offers a 


operations. 


better surface on which to begin the series of polishing 


No. 4 Finish, standard polish on one or both sides— 
The sheet surface is ground with successively finer abra- 
sives, producing a uniform, bright finish with good luster. 
It is suitable for shallow draws or moderate forming 
operations where the original finish will not be destroyed 
or require refinishing. 

No. 6 Finish, Tampico-brushed finish—It has a dull 
matte appearance with a uniform, delicate, velvety, tex- 
ture. This satin finish is the result of both polishing and 
subsequent brushing. 

No. 7 Finish, high luster polish—This is a polished 


semi-mirror finish, more brilliant than No. 4. 


small amount of buffing after being roll- 
formed. 

All the stainless steels should be pro- 
tected during fabrication. Plastic coat- 
ings, which can later be peeled off or 
removed by solvents, or even paper glued 


to the metal, provide protection when 
handling or laying out the work. Paper 
or felt under hold-down pads, adhesive 
tape on the edges of brakes, and ample 
lubricant when drawing will reduce sur- 
face marking. 
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Grinding. . Solid wheels will give the 
best results when sharp cutting is re- 
quired to clean up welding beads and to 
remove pits and imperfections from the 
surfaces of sheets, plates, bars and tu- 
bular products. Because of the low rate 
of heat dissipation and high coefficient 
of friction of stainless, it tends to over- 
heat under the wheel. The wheel must 
not dwell, and coolant flow must be 
kept high. Abrasives should be iron-free 
and grinding wheels should be frequently 
dressed. 

Rubber- or resin-bonded wheels are 
preferable to vitrified wheels because of 
their minimum loading characteristics. 
Where it is possible to start with No. 60 
grit, a fabric wheel made of 18-20 ply 
sections of 64-68 count unbleached mus- 
lin, with a hard center and softer peri- 
phery, may be used. For local grinding, 
a narrow-face wheel will be more effi- 
cient; for over-all grinding, a wider wheel 
is preferable. 

Another type of wheel for local grind- 
ing is surfaced with abrasive paper, or 
cloth, and has the advantages of retain- 
ing its shape and permitting easy ex- 
change of abrasive to apply a fresh sur- 
face, or one with a different grit. Speeds 
of 5000-6000 sfpm, using a 14-in. wheel 
are customary. 

For the first cuts on a rough weld, a 
rubber- or resin-bonded aluminum-oxide 
wheel with grit varying from about No. 
16 to No. 36 may be used, depending on 
the size and condition of the bead. 
Wheels should be carefully trued to pre- 
vent hammering and have the edges 
rounded to avoid gouging. Lard oil may 


be applied to the work to retard loading 
and cool the work. 

Grinding is preferably performed along 
the welding bead, not across it, as it is 
difficult to avoid cutting into the metal 
surface adjacent to the weld. Light-gage 
sheets should be backed up with steel 
plates or wooden blocks, to provide a 
firm base for grinding. If the weld bead 
must be removed and new surface 
matched with a polished mill finish such 
as No. 4, a finer-grit wheel should be 
used for a final operation before polish- 
ing or buffing. Where the weld deposit 
is particularly heavy, initial cuts may 
sometimes be made with cutting tools. 

The temptation to force the wheel by 
bearing down upon it should be avoided. 
Allowing the wheel to ride on the work 
so that the cutting edge of the individual 
grits may do their work at recommended 
speeds constitutes most efficient opera- 
tion. 

Polishing. . Forgings and hot- and 
cold-rolled stainless parts that have been 
badly scratched in handling or fabrica- 
tion require coarse abrasives, followed 
by increasingly fine abrasives until the 
surface is smooth enough to permit buf- 
fing. The series would run approximately 
from No. 80 through Nos. 120, 150, 180 
and 200. A surface polished with No. 
200 cannot be successfully buffed, so an 
intermediate operation such as “oiling- 
out” is required. Stainless strip which 
has been properly processed may some- 
times be buffed without polishing or oil- 
ing-out. 

When polishing is necessary, Turkish 
emery is quite often used after a No. 150 


grit; otherwise a coarser, faster-cutting 
artificial emery may be used. Some pol- 
ishers prefer cutting twice with the same 
grit, rather than going to a coarser wheel. 
Polishing wheels made of sewed sections 
and a finer count 80-90 or 84-92 un- 
bleached muslin, with inserted cardboard 
spacers between sections, give good re- 
sults. A new wheel may be broken in on 
scrap stainless steel until its surface is 
in good working condition. 

If a standard No. 4 finish is desired, 
all imperfections must be removed in the 
grinding’ operations and the surface pol- 
ished with No. 120 grit, using a lubricant. 
In some cases, where grinding is done 
with manually controlled equipment, a 
final step using No. 150 grit with lubri- 
cant may be necessary to produce a 
satisfactory finish. To produce the com- 
mercial No. 7 finish, preliminary grind- 
ing operations are carried further and 
the surface is ground with Nos. 150, 
180 and 200 grits with liquid lubricants. 
This may be followed by No. 320 grit 
and a heavier lubricant such as com- 
pounds of mutton tallow and stearic acid. 
It is helpful to change the direction of 
polishing with each change of grit size 
to remove marks remaining from the 
grit previously employed. 

Wheel speeds. . Wheel speeds for pol- 
ishing run lower than for buffing; about 
6000 sfpm is average practice. When 
oiling-out is required between polishing 
and buffing, a fairly stiff, sewed rag 
wheel, surfaced with Turkish-flour emery, 
is a good medium. When the wheel 
is dry, it is “broken down” with emery 
stone to take off any sharp edges, then 


table 103 . . GRINDING, POLISHING, AND BUFFING STAINLESS 





Operation Grit Mfd Turkish 


Name No. Abra Emery Wheels Lubricant Compound 





GRINDING............ 36 Rubber or 

60 Bakelite bonded 
ROUGHING. 80 Soft cotton fabric, Sewed 
Quick-As- 


7000-8000 

7000-8000 Rough ground 
sections or 
Wink wheels 

GREASING........ Same 


GREASING.... Same 


Grease finish 
No. 4 finish and 
base for No. 6, 
Base for No. 7 
Base for No. 8 


7000-8000 
7000-8000 


Polishing tallow 
Polishing tallow 


Grease 


Grease 


7000-8000 
7000-8000 


GREASING..... bs Same Grease Polishing tallow 


GREASING : : Same Grease Polishing tallow 


CUTTING BUFF. Bias or pocket Aluminous oxide buffing 10.000 min. 
compound 
COLOR BUFF.... Loose disk or canton flannel 
buff 


Tampico brush 


Same for coloring only 9,000 max. 


TAMPICO.... Powdered pumice, kerosene, 5,000 max. 
oil 
Butler 


Wire brush 


5,000 max. 
5,000 max. 


SPECIAL.... 
SPECIAL... 
CLEANING 


Bias or pocket buff Lea compound Grade E 


Stainless steel brush Stainless wire brush 
Canton flannel cloth, hand Whiting or precipitated 


operation chalk 
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How to work SJEEL . 


saturated with tallow or grease. Wheel 
speed for oiling-out should be approxi- 
mately 5,000 sfpm. 

An alternate procedure has been de- 
veloped commercially and is described 
as a greaseless method. The compound 
contains fine abrasives held together with 
a binder. When the binder dries, it leaves 
a thin layer of abrasive. Use of this proc- 
ess is recommended after a No. 180 
wheel, at a speed of about 7,000 sfpm, 
to attain a soft brushed finish. 

Buffing. Buffing of stainless steel 
takes place in two distinct steps. A “cut 
buff” levels the tiny marks left from pre- 
vious oiling-out operations and a “color 
buff” gives a mirror finish. Buffing is not 
generally attempted on jobs where any- 
thing coarser than No. 200 grit has been 
used. 

In production buffing, a combination 
cloth and paper wheel gives good results. 
Alternate layers of paper and cloth are 
used, the cloth holding the compound 
and the paper keeping the buff cool. 
Another special type of buffing wheel is 
made up of muslin, folded in quarter 
segments of a full circle with the thread 
exposed to the stainless steel at a bias. 
No stitching is exposed to the surface 
being buffed, thus avoiding light marks. 
Color buffing employs a soft, loose and 
unsewed muslin or linen of 82-94 weave. 
Required stiffness is built up by high 
surface speeds. 

Buffing compounds with a wax-type 
binder and aluminum-oxide abrasives 
have given good results. For color buff- 
ing, a finer closely graded abrasive is 
used. Grease content of some compounds 
is increased if the surface is not too good 
and more pressure is needed to bring up 
the finish. Compounds containing no free 
grease have also given good results in 
shops where no high-speed buffing lathes 
are available. 

For buffing stainless steel, surface 
speed of the buff should not be less than 
10,000 fpm, and good finish has been 
obtained at speeds as high as 13,000 
sfpm. Polishing lathes with spindle 


table 104 . . PROPORTIONS FOR SETUP 
WHEELS 





Aluminum % Glue 
Oxide By Weight 
Grit No. 


% Water 
By Weight 





24 to 36. 50 50 
46 to 54 45 55 
60'te 70. 60 
80 to 90... ‘ 65 
100 to 120 33 67 
150 to 180 : 70 


220 to 240. 75 
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. .. Stainless 


speeds of about 3,000-3,600 rpm, with 
a 14- or 16-in. buffing wheel will give 
satisfactory surface speeds. 

Even with these high speeds, consid- 
erable pressure should be exerted on the 
work in order to buff economically. High 
pressures and speeds develop plenty of 
heat which, if not controlled locally, may 
cause slight buckling in 18-8 type stain- 
less because’ of its high coefficient of 
expansion. It can also cause roughening 
of the surface and off-color work. Ade- 
quate amounts of compound on the 
wheel and operator experience can com- 
bine to avoid local overheating. On any 
standardized buffing procedure, “cut buff- 
ing” should be on the low side of recom- 
mended speed and “color buffing” on the 
high side for best results. 

Tampico brushing. . A Tampico fiber 
brush, operating at relatively slow speeds 
of 5,000-6,000 sfpm with a compound of 
fine aluminum oxide and oil mixed to a 
consistency of light paste will give a No. 
6 commercial finish. This is a dull velvet 
finish, a contrast to standard mirror fin- 
ish. No appreciable pressure is required. 
A recommended mixture is comprised of 
1 part kerosene, 4 parts No. F powdered 
pumice, 1 part lime, and 4 parts engine 
oil. Wheels on which lubricant has been 
used should be scoured with a piece of 
fine pumice held against the rotating 
wheel. 

Ball burnishing. . Burnishing of small 
stainless-steel parts is being accomplished 
by barrel tumbling with dead-soft steel 
balls approximately 3/16 in. in diameter. 
Prior to burnishing, the parts are given 
a preliminary roll in pumice to remove 
drawing and die marks. About 12 hr. of 
rolling will condition the parts properly. 
A small percentage of Vienna lime is 
then added with enough water to cover 
the load and the barrel is run at 20 rpm 
for about 8 hr. ‘ 

As cleanliness is important, the con- 
tents of the barrel are washed twice with 
a solution of sal soda and water to re- 
move all traces of lime. Parts to be bur- 
nished may be pickled if any suggestion 
of scale is evident. The balls and parts 
are then transferred to a wood-line bur- 
nishing barrel for another washing. White 
soap chips and fresh water are put in 
and the barrel again run at 20 rpm for 
about 6 hr, bringing the parts up to a 
bright finish. 

Barrels should not necessarily be load- 
ed with the opening at the top. It is better 
practice to lower the opening and ease 
the work and burnishing material into 
the barrel. Parts should be completely 
enveloped by the burnishing mass. 

Electrolytic polishing. . Electropolish- 
ing of stainless steels provides a rapid 
means of finishing intricate shapes in 
production quantities. Formed wire prod- 


ucts, resistance-welded wire products, 
parts too small to hold against wheels 
and deeply recessed parts are particularly 
adapted to this method of polishing. 

In anodic treatment, the work is the 
anode and metal is removed, the amount 
depending upon time of immersion, con- 
dition of the surface and current density. 
Immersion for 5 to 10 min normally re- 
moves about 0.0005 to 0.001 in. and 
10 to 20 min wiil remove as much as 
0.002 in. Slight metal removal is most 
desirable in conventional practice. 

One commercial patented solution is 
made up of 55 to 60% industrial-quality 
citric acid, 15% sulphuric acid, and the 
balance water. The solution is maintained 
at about 200 F. Normal immersion time 
is from 5 to 10 min, increasing to 15 
min for rougher surfaces. Current den- 
sity is about % to 1 amp per sq in. of 
surface. Flexibility may be obtained by 
varying immersion time and current den- 
sity. 

Individual racking of parts is necessary 
with this solution, the racks generally 
being made of acid-resistant copper alloy 
with a protective coating at all but con- 
tact points. Processing tanks are usually 
lined with lead, and one or two hot- 
water rinsing tanks complete the setup. 

Solution temperatures are maintained 
by immersion-type heaters. Should over- 
heating occur, cooling is provided by 
air agitation or coils. Air agitation while 
the current is off may cause the solution 
to attack the copper cathode. 

Another solution, particularly recom- 
mended for chromium-nickel, consists of 
765 cc of acetic anhydride, 185 cc of 
perchloric acid and 50 cc of water. The 
anhydride is poured into cooled perchlo- 
ric acid, the water added and the solu- 
tion allowed to stand 24 hr before being 
used. 

The solution is maintained below 100 
F, with a current density of %4 to 1 amp 
per sq in. and about 60 volts. Rinsing in 
water and alcohol removes any residue 
t-om electrolysis on the part. 

Biackening. . Increasing numbers of 
applications are calling for black-coating 
of stainless steels. Black-coating is done 
in a non-aqueous bath at moderately high 
temperatures and forms an oxide of the 
metal, not a hydroxide. All grease, scale, 
oil, and other impurities are removed 
before blackening. 

A molten solution of sodium dichro- 
mate is raised to approximately 750 F 
and the part immersed in a tank. Stabili- 
zation usually takes place in about half 
an hour. When parts are at room tem- 
perature, they may be rinsed in hot water 
and air dried. The application of a black 
coating slightly increases both the heat 
and corrosion resistance of stainless-steel 
parts. 


~ 
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Directory of stainless steels 


Stainiess steels, both standard and non-standard, are 
listed with compositions, principal characteristics, and 
trade names. Departures from basic composition are 
shown in parentheses following the trade name, where 


applicable. 


Data have been supplied by the companies listed at 
the end of the directory. More information on applica- 


Type 301 


AISI: 16-18 Cr, 6-8 Ni, .08-.20 C, 2.00 max 
Mn, 1.00 max Si 

For comparatively mild corrosive conditions. 

Rapid work hardening. 


Allegheny Ludium ... Allegheny Metal 17-7 
Armco . .. 17-7 (.08-.15 C) 

Atlas... 301 

Carpenter . . . Stainless No. 4, Modified 
Eastern ... 17-7 (.15 max C) 

Jessop ... 301 

Republic . . . Enduro 17-7 

Rotary . . . 301 (.08-.15 C) 


. «301 (.08-.15 C) 
US Steel .. . USS 17-7 
Universal-Cyclops . . . Uniloy 16-8 


Type 302 


AISI: 17-19 Cr, 8-10 Ni, .08-.20 C, 2.00 max 
Mn, 1.00 max Si 

The basic 18-8 stainless steel. A general-pur- 

pose corrosion-resisting steel, non-magnetic 

when annealed, slightly magnetic when cold 

worked. 


Allegheny Ludlum... Allegheny Metal 18-8 
Armco... 18-8 (.08-.15 C) 

Atlas .. . 302 

Carpenter . . . Stainless No. 4 
Crucible . . . Rezistal 302 

Eastern ... 18-8 (.15 max C) 
Ingersoll . . . 302 

Jessop . . . 302 

Republic . . . Enduro 18-8 

Rotary . . . 302 (.08-.20 C) 

Sharon . . . 302 

Simonds . . . 302 

Superior . . . 302 

Timken . . . 302 (.08-.15 C) 

US Steel . .. USS 18-8 
Universal-Cyclops . . . Uniloy 18-8 


tions, use, and available forms of each steel can be ob- 
tained from these companies. 

Every effort has been made to make this list as com- 
plete and accurate as possible, including brands of sheet, 


plate, bar and strip. Space limitations prevented the in- 


Type 302B 


AISI: 17-19 Cr, 8-10 Ni, .08-.20 C, 2.00 max 
Mn, 2.00-3.00 Si 

Higher silicon content than 302 gives better 

resistance to scaling. Resistance to wet cor- 

rosion inferior to 302. 


Allegheny-Ludlum ... Allegheny Metal 18-8B 

Armco Steel . . . 18-8 Si (.08-15 C) 

Carpenter . . . Stainless No. 4, Modified 

Crucible . . . Rezistal 302B 

Jessop .. . 302B 

Republic . . . Enduro 18-8-B 

Rotary . . . 302B (.08-.15 C) 

Superior . . . 302-B 

Timken . . . 302B (.08-.15 C) 

US Steel . .. USS 302B 

Universal-Cyclops ... Uniloy 18-8 Si (17.5-20 
Cr) 


Type 303 


AISI: 17-19 Cr, 8-0 Ni, .15 max C, .07 min 
P, S, or Se, .60 max Zr or Mo, 2.00 max 
Mn, 1.00 max Si 

Additions to 302 provide free machining. 

Selinium does not give quite as good machin- 

ability as sulfur, but provides better trans- 

verse properties. 

Allegheny Ludlum... Allegheny Metal 
18-8EZ 

Armco... 18-8 FM 

Atlas ... 303 

Carpenter . . . Stainless No. 8 (.60 max Mo) 

Crucible . . . Rezistal 303 (.07 min S, .04 
max P) 

Eastern . .. 18-8 FM (.07 min P or Se) 

Jessop . . . 303 

Republic . . . Enduro 18-8-FM 

Rotary . . . 303 (.07 min P or S) 

Rotary . . . 303-SE (.07 min P or S) 

Timken . . . 303 

US Steel ... USS 18-8 FM 
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clusion of brands available only as tube or wire, or as 
fabricated products such as forgings or castings. 


Universal-Cyclops . . . Uniloy 18-8M (.07 
min § 

Universal-Cyclops . . . Uniloy 18-8M-Se (.07 
min P or Se) 


Type 304 


AISI: 18-20 Cr, 8-11 Ni, .08 max C, 2.00 max 
Mn, 1.00 max Si 

General-purpose 18-8 composition with lower 

carbon content for welding applications. 


Allegheny Ludlum ... Allegheny Metal 18-88 
Armco ... 18-8 (low Carbon) 

Atlas ... 304 

Carpenter . . . Stainless No. 4-A 

Crucible . . . Rezistal 304 


Jessop . . . 304 (8-10 Ni) 

Republic . . . Enduro 18-8-S 

Rotary .. . 304 

Sharon .. . 304 

Simonds . ... 304 

Superior . . . 304 

Timken . . . 304 

US Steel ... USS 18-88 

Universal-Cyclops . . . Uniloy 18-88 (8-10 Ni) 


Type 304L 


AISI: 18-20 Cr, 8-11 Ni, .03 max C, 2.00 max 
Mn, 1.00 max Si 

Even lower carbon modification of 18-8 for 

weldments subject to severely corrosive con- 

ditions. 


Armco ... 18-8 ELC 

Atlas .. . 304-L 

Eastern ... 18-8 

Jessop . . . 304ELC (8-10 Ni) 

Republic . . . Enduro 18-8-S-L 

Rotary .. . 304L 

Superior . . . 304-L 

US Steel ... USS 18-88 C .03 max 

Universal-Cyclops . . . Uniloy 18-8ES (8-10 
Ni) 
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Type 305 


AISI: 17-19 Cr, 10-13 Ni, .12 max C, 2.00 max 
Mn, 1.00 max Si 

Lower work-hardening rate than 302. Suitable 

for spinning, cold heading, and cold drawing; 

annealing between draws may not be neces- 

sary. 


Allegheny Ludlum . 
18-8FS 

Armco ... 18-11 FS 

Atlas... 305 

Carpenter . . . Stainless No. 305 

Eastern ... 18-11 

Republic .. . Enduro 18-8-FS 

Rotary .. . 305 

Sharon .. . 305 

Superior . . . 305 

US Steel .. . USS 18-8FS 

Universal-Cyclops . . . Uniloy 18-12 


- « Allegheny Metal 


Type 3055S 


17-19 Cr, 10-13 Ni, .08 max C, 2.00 max Mn, 
1.00 max Si 


Universal-Cyclops . . . Uniloy 18-12S 


Type 307 


Rotary .. . 307 
19-22 Cr, 9-10.5 Ni, .15 max C, 3.75-4.75 Mn 


Universal-Cyclops . . . Uniloy 19-10M 


Type 308 


AISI: 19-21 Cr, 10-12 Ni, .08 max C, 2.00 
max Mn, 1.00 max Si 

Higher chrome and nickel than 302 for in- 

creased corrosion resistance. Better for weld- 

ed structures than 304. Popular for welding 

rod and electrodes. 


Allegheny 
20-108 

Armco .. . 20-10 

Atlas . . . 308 

Carpenter . . . Stainless No. 308 

Jessop . . . 308 

Republic . . . Enduro 20-10-S 

Rotary . . . 308 

Timken . . . 308 

US Steel . . . USS 20-108 

Universal-cyclops . . . Uniloy 20-108 


Ludium ... Allegheny Metal 


Type 3081 
19-21 Cr, 10-12 Ni, .03 max C 


Universal-Cyclops . . . Uniloy 20-10ES 


Type 309 


AISI: 22-24 Cr, 12-15 Ni, .20 max C, 2.00 
max Mn, 1.00 max Si 

Hich scale resistance and good strength at 

high temperatures. 


Allegheny Ludlum ... Allegheny Metal 25-12 
Armco ... 25-12 

Atlas . . . 309 

Carpenter . . . Stainless No. 309 

Crucible . . . Rezistal 309 

Eastern . . . 2*-12 (22-25 Cr, 1.25 max Si) 
Ingersoll . . . 309 

Jessop .. . 309 

Republic . . . Enduro HCN 

Rotary .. . 309 

Simonds . . . 309 

Superior . . . 399 

Timken . . . 309 

US Steel . . . USS 25-12 
Universal-Cyclops . . . Uniloy 25-12 
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Type 309B 


22-24 Cr, 12-15 Ni, .20 max C, 2.00 max Mn, 
2.00-3.00 Si 


Crucible . . . Rezistal 309B 


Type 3095 


AISI: 22-24 Cr, 12-15 Ni, .08 max C, 2.00 
max Mn, 1.00 max Si 

Preferred over 309 where there are moist 

corrosive conditions and carbide precipita- 

tion from welding must be avoided. 


Allegheny Ludlum... Allegheny Metal 
25-128 
Armco... 25-12 (low carbon) 


Carpenter . . . Stainless Type 309S 
Ingersoll 


Jessop . . . 3098S 

Republic . . . Enduro HCN-Low Car 
Rotary . . . 309-S 

Superior . . . 309-S 

US Steel . . . USS 25-12S 
Universal-Cyclops . . . Uniloy 25-128 


Type 3095-Cb 


22-24 Cr, 12-15 Ni, .08 max C, 8 X C min 
Cb + Ta P 
Addition of columbium or tantalum reduces 
danger of intergranular carbide precipitation 

in welded structures. 


Allegheny Ludium ... Allegheny Metal 25-12 
C (.10 max C, 10 X C min Cb) 

Rotary . . . 309-SCB 

Universal-Cyclops . . . Uniloy 25-12 STa 


Type 310 


AISI: 24-26 Cr, 19-22 Ni, .25 max C, 2.00 
max Mn, 1.50 max Si 

Like 309, but has even higher heat resistance. 

Ductile and weldable. 


Allegheny Ludium ... Allegheny Metal 25-20 
Armco ... 25-20 

Atlas .. . 310 

Carpenter . . . Stainless No. 310 

Crucible . . . Rezistal 310 

Eastern . . . 25-20 (.12 max C, 1.25 max Si) 


Republic . . 

Rotary ... 310 

Simonds . . . 310 

Superior . . . 310 

Timken . . . 310 

US Steel . . . USS 25-20 
Universal-Cyclops . . . Uniloy 25-20 


Type 310S 


AISI: 24-26 Cr, 1922 Ni, .08 max C, 2.00 
max Mn, 1.50 max Si 

Has the higher temperature resistance of 310 

and the resistance to intergranular carbide 

precipitation for welded structures of 309S. 


Armco . . . 25-20 (low carbon) 
Carpenter . . . Stainless Type 310S 
US Steel . . . USS 25-208 


Type 311 


18-20 Cr, 24-26 Ni, .25 max C, 2.00 max Mn, 
2.00-3.00 Si 


Crucible . . . Rezistal 311 
Universal-Cyclops . . . Uniloy 20-25 (19-21 
Cr) 


Type 314 


AISI: 23-26 Cr, 19-22 Ni, .25 max C, 2.00 
max Mn, 1.50-3.00 max Si 

Highest heat resistance of the stainless steels 

but not as good as 310 in wet corrosion re- 

sistance. Subject to room-temperature brittle- 

ness after long exposure to 1200 to 1500 F. 


Allegheny Ludlum ... Allegheny Metal 
25-20B 


Armco . . . 25-20Si 

Carpenter . . . Stainless No. 314 
Crucible . . . Rezistal 314 

Rotary ... 314 

US Steel . . . USS 25-20 Si 
Universal-Cyclops . . . Uniloy 25-20H 


Type 316 


AISI: 16-18 Cr, 10-14 Ni, .10 max C, 2.00- 
3.00 Mo (TS 316, 1.75-2.50 Mo), 2.00 max 
Mn, 1.00 max Si 

Addition of molybdenum in evasive resistance 

to certain chemicals, such as halide salts. 

Higher creep resistance at high temperatures 

than other stainless steels (see also 317). 


Allegheny Ludlum... Allegheny Metal 
18-8 


M 
Armco ... 18-12 Mo 
Atlas .. . 316 
Carpenter . . . Stainless No. 316 
Eastern . . . 18-12-3 Mo (.08 max C) 


Republic . . . Enduro 18-8-S-Mo 
Rotary .. . 316 

Simonds . . . 316 

Superior . . . 316 

Timken . . . 316 

US Steel . . . USS 18-8Mo 
Universal-Cyclops . . . Uniloy 17-13AM 


Type 316F 


16-18 Cr, 10-14 Ni, .10 max C, .07 min P or 
S, 1.75-2.50 Mo 
Free machining additives in 316. 


Rotary .. . 316-F 
Universal-Cyclops . . . Uniloy 17-13FM (17- 
19 Cr, .07 min S, 1.75-3.00 Mo) 


Type 316L 


AISI: 16-18 Cr, 10-14 Ni, .03 max C, 1.75- 

2.50 Mo, 2.00 max Mn, 1.00 max Si 
Low-carbon version of 316 for resistance to 
intergranular carbide precipitation in welded 
structures. 


Armco... 18-12 Mo ELC 

Atlas .. . 316-L 

Eastern . . . 18-12-3-Mo (2.00-3.00 Mo) 

Jessop . . . 316 ELC (2.00-3.00 Mo) 

Republic . . . Enduro 18-8-S-Mo-L 

Rotary . . . 316L (2.00-3.00 Mo) 

Superior . . . 316-L 

US Steel . . . USS 18-8 Mo C.03 max 

Universal-Cyclops . . . Uniloy 18-14 ESM 
(2.00-3.00 Mo) 


Type 316Cb 


16-18 Cr, 10-14 Ni, .10 max C, 2.00-3.00 Mo, 

8 X C min Cb, 2.00 max Mn, 1.00 max Si 
Columbium added to stabilize the carbon 
against intergranular corrosion. 


Jessop . . . 316 Cb 
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Type 317 


AISI: 18-20 Cr, 11-14 Ni, .10 max C, 3.00- 

4.00 Mo, 2.00 max Mn, 1.0 max Si 
Similar to 316, but even higher in corrosion 
and creep resistance. 


Allegheny Ludlum ... Allegheny Metal 
18-8MS 

Armco ... 19-12 Mo 

Atlas ... 317 

Carpenter . . . Stainless No. 317 

Eastern . . . 18-12-4-Mo (.08 max C) 

Ingersoll . . . 317 

Jessop . . . 317 

- Enduro 19-9-S-Mo 


US Steel . . . 
Universal-Cyclops . . . Uniloy 19-14 SM 


Type 317L 


18-20 Cr, 11-14 Ni, .03 max C, 3.00-4.00 Mo, 
2.00 max Mn, 1.00 max Si 

Low-carbon version of 317 for protection 

against intergranular corrosion. 


Armco Steel ... Armco 19-12 Mo ELC 
Atlas Steel .. . Atlas 317-L 


Type 318 


17-19 Cr, 13-15 Ni, .08 max C, 2-2.75 Mo, 

10 X C min Cb, 2.50 max Mn, 100 max Si 
Columbium modification of 316 for protec- 
tion against intergranular corrosion in heavy 
welded joints. 


Allegheny Ludlum 
18-8 MC 

Eastern . . . 18-12-3 Mo-Cb (16-18 Cr, 10-14 
Ni, .10 max C, 8 X C min Cb, 2.00-3.00 
Mo) 

Republic ... Enduro 18-8-S-Mo-Cb (2.00-3.00 
Mo, .50-.90 Cb) 

Rotary . . . 318 (.07 max C, 12-14 Ni, .03 max 
P, 1.75-2.50 Mo) 

US Steel . . . USS 18-8 MoCb 

Universal-Cyclops . . . Uniloy 17-13 SM-Ta 
(10-14 Ni, 2.00-3.00 Mo, 8 X C min or Ta) 


- « « Allegheny Metal 


Type 321 


AISI: 17-19 Cr, 8-11 Ni, .08 max C, 5 X C 
min Ti, 2.00 max Mn, 1.00 max Si 

For weldments subject to severe corrosive 

conditions or for service in the 800 to 1650 F. 

Welded with Type 347 rods. 


Allegheny Ludlum ... Allegheny Metal 18-8T 
Armco ... 18-10 Ti 

Atlas ... 321 

Carpenter . . . Stainless No. 321 

Crucible . . . Rezistal 321 

Eastern .. . 18-10 Ti 


- «+ 321 (6 X C min Ti) 
Simonds . . . 321 
Superior .. . 321 
Timken . . . 321 (.10 max C) 
US Steel... USS 18-8Ti 
Universal-Cyclops . . . Uniloy 18-8-Ti 


Type 325 


7-10 Cr, 19-23 Ni, .30-.50 C, 2.00 max Mn, 
1.00-1.75 Si 

For resistance to dilute sulfuric acid, soda 

oil, and calcium-chloride brine. Not as rust 

resistant as 302. 


Crucible . . . Rezistal 325 (1.00-1.50 Cu) 
Rotary .. . 325 (.25 max C) 


Universal-Cyclops . . . Cyclops 17-A (.35- 
45 C) 

Universal-Cyclops . . . Cyclops 17-B (.10- 
.20 C) 


Type 329 


23-28 Cr, 2.5-5 Ni, .20 max C, 1.50-2.50 Mo 
More corrosion resistant to some chemicals 
than 304. Can be precipitation hardened. 


Carpenter .. . Carpenter Stainless No. 7-Mo 
Universal-Cyclops . . . Uniloy 27-4M (.15 
max C, 3-5.5 Ni, 1.25-1.75 Mo) 


Type 330 


14-16 Cr, 33-36 Ni, .25 max C, 2.00 max Mn, 
1.00 max Si 

For high temperature furnace parts and other 

applications requiring both strength and scal- 

ing resistance. 


Atlas Steel... Atlas 330 (33-35 Ni, .15 max C) 
Eastern .. . 330 
Ingersoll... 


Jessop .. . 330 
Republic . . . Enduro 35-15 


Universal-Cyclops . . . Uniloy 15-35 


Type 347 


AISI: 17-19 Cr, 9-12 Ni, .08 max C, 10 X C 

min Cb, 2.00 max Mn, 1.00 max Si 
Similar to 321 but Columbium stabilized for 
intergranular protection, corrosion resistance 
generally better than 321. 


Allegheny Ludlum ... Allegheny Metal 18-8C 

Armco ... 18-10 Cb-Ta (10 X C Cb + Ta) 

Atlas ... 347 

Carpenter . . . Stainless No. 347 

Crucible .. . Rezistal 347 

Eastern . . . 18-10 Cb (8 X C min Cb) 

Ingersoll . . . 347 

Jessop . . . 347 

Republic .. . Enduro 18-8-S-Cb 

Rotary .. . 347 (8 X C min Cb + Ta — 1.25 
max) 

Simonds . . . 347 

Superior . . . 347 

Timken . . . 347 (.10 max C) 

US Steel ... USS 18-8 Cb 

Universal-Cyclops . . . Uniloy 18-8SCb 


Type 347F 


17-19 Cr, 9-12 Ni, .08 max C, 10 X C min 
Cb, .07 min P, S, or Se, 2.00 max Mn, 1.00 
max Si 

Similar to 347 but with minor additions to 

improve machinability. 

Allegheny Ludlum... Allecheny Metal 
18-8-C-EZ (.15-.35 Se, .11-17 P) 

Armco Steel ... Armco 18-10 Cbh=Ta FM 
(10 X C min Cb + Ta) 

Carpenter . . . Carpenter Stainless No. 347- 
FM (.07 min P or Se) 

Rotary . . . 347-F (8 X C + Se min Cb + Ta, 
1.25 max) 

Universal-Cyclops . . . Uniloy 18-8 Sta (10 X 
C min Cb + Ta) 

Universal-Cyclops . . . Uniloy 18-8-Ta-M (10 
X C min Cb + Ta, .07 min S) 

Universal-Cyclops . . . Uniloy 18-8-Ta-Se (10 
X C min Cb + Ta, .07 min Se) 
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Type 403 

AISI: 11.5-13 Cr, .15 max C, 1.00 max Mn, 
.50 max Si 

Combines corrosion resistance with a high 

elastic limit and high impact strength. Pri- 

marily used for turbine blades. 


Allegheny Ladium ... Allegheny Metal 12 
TB (.50 max Ni) 

Armco... 12T 

Atlas ... 403 

Bethichem . . . Bethadur 403 

Carpenter .. . Stainless No. 1, Turbine Blade 


Quality 
Crucible . . . Rezistal 403 


Jessop .. . 403 
Republic . . . Enduro “S” Turbine Quality 


US Steel . . . USS 12 Turbine 
Universal-Cyclops . . . Uniloy 1409 TB 


Type 405 


AISI: 11.5-13.5 Cr, .08 max C, .10-.30 Al, 1.00 
max Mn, 1.00 max Si 

Low hardenability, otherwise similar to 410. 

Can be drawn, spun and formed without 

difficulty. 


Allecheny Ludlum ... Allegheny Metal 12 
NH (.50 max Ni) 

Armco... 12 Al 

Atlas ... 405 

Carpenter . . . Stainless No. 405 

Jessop .. . 405 

Republic . . . Enduro §-1-Al 

Rotary .. . 405 

Simonds . . . 405 

Timken .. . 405 

US Steel ... USS 12 AL 

Universal-Cyclops .. Uniloy 1409 NH 


Type 406 


12-14 Cr, .15 max C, 3.5-4.5 Al, 1.00 max 
Mn, 1.00 max. Si 


Carpenter . . . Carpenter Stainless No. 1-JR 
Republic. . Enduro 406 

Rotary .. . 406 

Timken .. . 406 


Type 410 


AISI: 11.5-13.5 Cr, .15 max C, 1.00 max Mn, 
1.00 max Si 

General-purpose martensitic stainless. It is 

easily hardened by air cooling. 

Allesheny Ludlum ... Allegheny Metal 12 
(.50 max Ni) 

Armco... 12 

Bethichem ... Betadur 410 

Atlas. . 410 

Carpenter . . . Sta‘nless No. 1 

Crucible . . . Rez'stal 410 

Firth Sterling . . . Sterling Stainless 410 (for- 
merly T) 

Ingersoll . . . 410 

Jessop .. . 410 

Republic . . . Enduro S-1 

Rotary . . . 419 

Sharon... 416 (12.5-13.5 Cr) 

Simonds . . . 410 

Superior ... 419 

T'mken .. . 419 

US Steel. . USS 12 

Universal-Cyclops .. . Uniloy 1409 
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Type 414 


AISI: 11.5-13.5 Cr, 1.25-2.5 Ni, .15 max C, 
1.00 max Mn, 1.00 max Si 

Modified form of 410, has higher strength and 

toughness. 


Allegheny Ludlum .. Allegheny Metal 12-2 

Armco... 12-2 

Carpenter . . . Stainless No. N-2 

Crucible . . . Rezistal 414 

Firth Sterling .. Sterling Stainless 414 (for- 
merly M-T) (11.5-13 Cr) 

Jessop .. . 414 

Republic . . . Enduro S-1 Nickel 

Rotary ... 414 

Timken .. 414 

Universal-Cyclops . . . Uniloy 1409 Ni 


Type 416 


AISI: 12-14 Cr, .15 max C, .07 min P, S, or 
Se, .60 max Zr or Mo, 1.25 max Mn, 1.00 
max Si 

Free-machining variation of the basic 410. 

Developed especially for automatic bar ma- 

chines. 


Allegheny Ludlum . . 
(.50 max Ni) 

Armco... 12 FM 

Atlas ... 416 

Bethlehem .. . Bethalon 416 

Carpenter . . . Stainless No. 5 (.60 max Mo) 

Crucible . . . Rezistal 416 (.07 min S, .04 
max P) 

Firth Sterling . . . Sterling Stainless 416 (for- 
merly FC) (.25S, .50. Mo) 

Jessop... 416 . 

Republic . . . Enduro. FC 

Rotary . . . 416 (.07 min P or S) 

Simonds . . . 416 

Timken .. 416 

US Steel ... USS 12 FM 

Universal-Cyclops . . . Uniloy 1409M (.07 
min S, .60 max Mo) 

Universal-Cyclops . . 
(.07 min Se) 


Allegheny Metal 416 


- Uniloy 1409 M-Se 


Type 418 

12-14 Cr, 15 max C, 1.00 max Mn, 2.5-3.5 
W, 1.00 max Mn, 1.00 max Si 

Tungsten added to basic 410 composition for 

better high-temperature properties. 


Allegheny Ludium ... Allegheny Metal 12W 
(.50 max Ni) 


Type 420 


AISI: 12-14 Cr, over .15 C, 1.00 max Mn, 
1.00 max Si 

General-purpose cutlery grade. High hard- 

ness from heat treatment, but not as high 

as 440B. 


Allegheny Ludium . . . Allegheny Metal L-12 
(.50 max Ni, .25-.35 C) 

Armco... 13-C-35 

Bethlehem . . . Bethadur 420 

Atlas .. . 420 

Carpenter . . . Stainless No. 2 

Crucible . . . Rezistal 420 

Firth Sterling . . . 
(formerly A) (.35C) 

Jessop . . . 420 

Republic . . . Enduro “S” High Carbon 

Rotary . . . 420 

Simonds 420 

Superior ... 

Timken . . . 420 

US Steel . .. USS 420 

Universal-Cyclops . . . Uniloy 1435 


Sterling Stainless 420 
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. . Stainless 


Type 420F 


12-14 Cr, over .15 C, .07 min P, S, or Se; 
60 max Zr or Mo, 1.00 max Mn, 1.00 
max Si 

Free-machining variation of 420. 


Allegheny Ludlum ... Allegheny Metal L-12 
EZ (.50 max Ni, .25-.35 C) 

Armco ... Armco 13-C-35 FM 

Carpenter . . . Carpenter Stainless No. 2-FM 

Jessop ... 420 F 

Republic . . . Enduro FC-Hi Car 

Rotary . . . 420-F (.07 min P or S) 

Rotary . . . 420-FSE (.07 min P or Se) 

Universal-Cyclops . . . Uniloy 1435 M (.07 
min S, .60 max Mo) 

Universal-Cyclops . . . Uniloy 1435 M-Se (.07 
min Se) 


Type 422 


13 Cr, .75 Ni, .20 C, 1.00 Mo, 1.00 W, .75 
Mn, .35 Si 

Hardenable grade for use at temperatures 

approaching 1200 F. 


Crucible . . . Rezistal 422 


Type 430 


AISI: 14-18 Cr, .12 max C, 1.00 max Mn, 
1.00 max Si 

General-purpose chromium non-hardenable 

stainless. It is more corrosion resistant than 

410. Easily worked. 


Allegheny Ludlum. . 
(.50 max Ni) 

Armco ...17 

Atlas . . . 430 

Bethichem . .. Bethadur 430 

Carpenter .. . Stainless No. 6 

Crucible . . . Rezistal 430 

Firth Sterling . . . Sterling Stainless 430 (for- 
merly M) 

Ingersoll .. . 430 

Jessop ... 430 

Republic . . . Enduro AA 

Rotary . . . 430 

Simonds . . . 430 

Superior . . . 430 

Timken . . . 430 

US Steel ... USS 17 

Universal-Cyclops . . . Uniloy 1809 


- Allegheny Metal 17 


Type 430F 


AISI: 14-18 Cr, .12 max C, .07 min P, S, or 
Se, .60 max Zr or Mo, 1.25 max Mn, 1.00 
max Si 

Free-machining variation of 430. Corrosion 

resistance is impaired slightly by the additions. 


Allegheny Ludlum... Allegheny Metal 17 EZ 
(.50 max Ni) 

Armco ... 17 FM 

Carpenter . . . Stainless No. 6-FM (.60 max 
Mo) 

Crucible . . . Rezistal 430 F 

Jessop .. . 430F 

Republic ... Enduro AA-FM 

Rotary . . . 430-F (Por S .07 min) 

Rotary . . . 430-FSE (Por Se .07 min) 

Simonds . . . 430-F 

Timken . . . 430-F (1.00 max Mn) 

US Steel . .. USS 430F 

Universal-Cyclops . . . Uniloy 1809 M (.07 
min S, .60 max Mo) 

Universal-Cyclops . . . Uniloy 1809 M-Se C 
(.07 min Se) 


Type 430 Ti 


14-18 Cr, .12 max C, 6XC min Ti, 1.00 max 
Mn, 1.00°'max Si 
Titanium stabilized version of 430. 


Armco Steel . . . Armco 430 Ti 

Rotary .. . 430-TI 

Superior . . . 430-TV (5 x C min Ti) 

US Steel . . . USS 430T 

Universal-Cyclops . . . Uniloy 1809-TI (5 x C 
min Ti) 


Type 431 


AISI: 15-17 Cr, 1.25-2.5 Ni, .20 max C, 1.00 
max Mn, 1.00 max Si 

Excellent corrosion resistance of 430, but can 

be heat treated to develop better properties. 


Allegheny Ludlum . . . Allegheny Metal 16-1 
Armco ... 16-2 

Atlas... 431 

Carpenter . . . Stainless No. 431 
Crucible . . . Rezistal 431 

Jessop ... 431 

Republic ... Enduro AA Nickel 
Rotary ... 431 

Timken .. . 431 

US Steel... USS 431 
Universal-Cyclops . . . Uniloy 1809 Ni 


Type 440A 


AISI: 16-18 Cr, .60-.75 C, .75 max Mo, 1.00 
max Mn, 1.00 max Si 

High strength and corrosion resistance, hard- 

enable cutting grade. The toughest of the 

440 grades. 


Allegheny Ludlum ... Allegheny Metal M-17 
(.50 max Ni) 

Armco... 17-C-60 

Atlas ... 440A 

Bethlehem . . . Bethadur 440A 

Carpenter . . . Stainless No. 440A 

Crucible . . . Rezistal 440A 

Firth Sterling . . . Sterling Stainless 440-A 
(formerly B) 

Jessop ... 440A 

Republic . . . Enduro AA Hi Car 

Rotary .. . 440-A 

Simonds . . . 440-A 

Superior . . . 440-A 

Timken .. . 440A 

US Steel ... USS 440A 

Universal-Cyclops . .. Uniloy 1860 


Type 440B 


AISI: 16-18 Cr, .75-.95 C, .75 max Mo, 1.00 
max Mn, 1.00 max Si 

Ranks between 440A and 440C. A is toughest, 

C is hardest. B is often classed as the cutlery 

grade of the three. 


Armco ... 17-C-80 

Bethlehem . . . Bethadur 440B 

Carpenter .. . Stainless No. 440B 

Crucible . . . Rezistal 440B 

Firth Sterling . . . Sterling Stainless 440-B 
(formerly BH) 

Jessop .. . 440B 

Republic . .. Enduro AA Hi Car 

Rotary . . . 440-B 

Sharon .. . 440-B 

Simonds . . . 440-B 

Superior . . . 440-B 

Timken .. . 440B 

US Steel . . . USS 440B 

Universal Cyclops . . . Uniloy 1890 
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Type 440C 


AISI: 16-18 Cr, .95-1.20 C, .75 max Mo, 
1.00 max Mn, 1.00 max Si 

Maximum hardness and strength of the 440 

grades. Excellent wear resistance, considered 

the ball-bearing grade. 


Allegheny Ludlum ... Allegheny Metal H-17 
(.50 max Ni) 

Armco ... 17-C-100 

Atlas .. . 440C 

Bethlehem . . . Bethadur 440C 

Carpenter . . . Stainless No. 440C 

Crucible . . . Rezistal 440C 

Firth Sterling . . . Sterling Stainless 440-C 
(formerly BHH) 

Ingersoll . . . 440-C (.95-1.91 C) 

Jessop .. . 440C 

Republic ... Enduro AA Hi Car 

Rotary . . . 440-C 

Simonds . . . 440-C 

Timken . . . 440C 

US Steel ... USS 440C 

Universal-Cyclops . . . Uniloy 18110-BM 


Type 440F 


16-18 Cr, .07 min Se, .95-1.20 C, 1.00 max 
Mn, 1.00 max Si 
Free machining version of 440C (machin- 
ability is still only about 35% of B1112). 
Machining additives cause slight reduction of 
corrosion resistance, impact strength and 
ductility. 


Allegheny Ludlum ... Allegheny Metal H-17 
EZ (.50 max Ni) 

Armco Steel . . . Armco 17-C-100 FM (.07 
min P, S, or Se, .60 max Zr or Mo) 

Carpenter . . . Carpenter Stainless No. 440 
FM (.07 min S or Se, .75 max Mo) 

Republic . . . Enduro AA Hi Car-FM (1.25 
max Mn, .07 min P, S, or Se, .60 max Zr 
or Mo) 

Rotary . . . 440-F (.05 min P or S) 

Rotary .. . 440-FSE (.07 min P or Se) 

Universal-Cyclops . . . Uniloy 18100-F (.07 
min P, S, or Se, .60 max Zr or Mo) 

Universal-Cyclops . . . Uniloy 18100-F-Se (.07 
min Se) 


Type 440BM 


17-19 Cr, .85-1.10 C, .40-70 Mo, .10-.20 V, 
1.00 max Mn, 1.00 max Si 

Cutting grade with maximum hardness of this 

class also available with machining additives. 


Crucible . . . Rezistal 440BM 


Type 442 


18-23 Cr, 25 max C, 1.00 max Mn, 1.00 
max Si 

Non-hardenable grade with resistance to high- 

temperature scaling. Corrosion resistance be- 

tween 430 and 446. 


Allegheny Ludium .. . Allegheny Metal 21 
(.50 max Ni) 

Armco .. .Armco 21 (.20 max C) 

Atlas .. . 442 

Crucible . . . Rezistal 442 

Ingersoll . . . 442 

Jessop .. . 442 

Republic . . . Enduro 442 

Rotary .. . 442 

Superior . . . 442 

Timken . . . 442 

US Steel .. . USS 442 

Universal-Cyclops . 
max C) 


Type 443 


1823 Cr, .20 max C, .90-1.25 Cu, 1.00 max 
Mn, 1.00 max Si 


. Uniloy 2009 (.20 


Carpenter .. . Carpenter Stainless No. 3 
Republic . . . Enduro 443 (.25 max C) 
Timken . . . 443 

Universal-Cyclops . . . Uniloy 2009-U 


Type 446 


AISI: 23-27 Cr, .35 max C, .25 max N, 1.50 
max Mn, 1.00 max Si 

Resistance to high-temperature scaling and 

hot sulfur-bearing gases. Difficult to draw, 

spin, form, or weld. 

Allegheny Ludlum . . . Allegheny Metal 28 
(.50 max Ni) 

Armco ... Armco 27 

Atlas ... Atlas 446 

Carpenter . . . Carpenter Stainless No. 446 

Crucible . . . Rezistal 446 (1.00 max Mn) 

Ingersoll . . . 446 

Jessop .. . 446 

Republic . . . Enduro HC 

Rotary .. . 446 

Simonds . . . 446 

Superior . . . 446 

Timken ...446_ . 

US Steel ... USS 27 

Universal-Cyclops . . . 
max C) 


17-4 PH 


15.5-17.5 Cr, 3-5 Ni, 3-5 Cn, .25 to .45 Cb & 

Ta .07 max C, 1.00 Mn, 1.00 Si 
Precipitation—hardening grade of stainless 
steel. Hardened by heating to 850 to 900 F 
for one hour. 


Uniloy 2525 (C .%0 


Armco .. . Armco 17-4 PH 


17-7 PH 


16-18 Cr, 6.5-7.75 Ni, .09 max C, 1.00 Mn, 
1.00 Si, .75-1.50 Al 

Precipitation hardening grade that is easy to 

work and can be hardened by heat treatment. 


Armco... Armco 17-7 PH 


15.5-16.5 Cr, 17.5-18.5 Ni, .08 max C 
Modified 18-8 that work hardens more slowly, 
making it suitable for cold headed and upset 
parts. Also useful for parts that must be non- 
magnetic after cold working. 


Carpenter .. . Stainless No. 10 


No. 20 


20 Cr, 29 Ni, .07 max C, 2.00 min Mo, 3.00 
min Cu, .75 Mn, 1.00 Si 

Primarily for handling hot sulfuric acid. Also 

has good resistance to other acids or acid 

mixtures. 


Carpenter . . . Stainless No. 20 


3025 
27-30 Cr, .30 max C, .25 max N 


Universal-Cyclops . . . Uniloy 3025 


Type 501 


4-6 Cr, over .10 C, 1.00 Mn, 1.00 Si 
Recommended for use at slightly elevated 
temperatures in the petroleum industry. 


Ingersoll . . . 501 

Jessop . . . 501 (.40-.60 Mo) 
Republic . . . 4-6% Cr, High Car 
Rotary . . . 501 

Timken . . . 501 (.45-.65 Mo opt) 
US Steel... USS 5 
Universal-Cyclops . . . Uniloy 501 


Type 502 


4-6 Cr, .10 max C, 1.00 Mn, 1.00 Si 
Recommended for use at slightly elevated 
temperatures in the petroleum industry. 


Ingersoll . . . 502 

Jessop . . . 502 (.40-.60 Mo) 
Republic . . . 4-6% Cr—Low Car 
Rotary . . . 502 

Timken . . . 502 (.45-.65 Mo opt) 
US Steel .. . USS 55 
Universal-Cyclops . . . Uniloy 502 





Basic suppliers of stainless steels in this list 


Short versions of company names used throughout the list are in bold-face type. 


Allegheny Ludlum Steel Corp, 2020 Oliver 
Bldg, Pittsburgh, 22, Pa. 

Armco Steel Corp, Middletown, Ohio 

Atlas Steels Ltd, Welland, Ont, Canada 

Bethlehem Steel Co, Bethlehem, Pa. 

Carpenter Steel Co, Reading, Pa. 

Crucible Steel Co. of America, Oliver Bldg, 
Pittsburgh, 30, Pa. 


Eastern Stainless Steel Corp, Baltimore, 3, 
Md. 

Firth Sterling, Inc, 3113 Forbes St, Pitts- 
burgh, 30, Pa. 

Ingersoll Steel Div, Borg-Warner Corp, 3105 
Michigan Ave, Chicago 4, II. 

Jessop Steel Co, Washington, Pa. 

Republic Steel Corp, Republic Bldg, Cleve- 
land, Ohio 
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Rotary Electric Steel Co, Box 4606, Detroit 
34, Mich 

Sharon Steel Corp, Sharon, Pa. 

Simonds Saw and Steel Co, Lockport, NY 

Superior Steel Corp, Carnegie, Pa. 

Timken Roller Bearing Co, Canton, 6, Ohio 

United States Steel, 525 William Penn Place, 
Pittsburgh, 30, Pa. 

Universal-Cyclops Steel Corp, Bridgeville, Pa. 
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how to work 


Tool and die steel 


PROPER selection and use of tool and die steels is a 
basic requirement of nearly all metalworking operations. 
Unless the right steel is selected for a particular job and 
it is properly prepared for use, there may be waste of the 
tool steel, of the time spent in making tools, of setup time 
on the machine, of the time required for operation, or of 
all four. 

Because no one steel can develop to the maximum all 
of the qualities required, hundreds of different tool steels 
have been developed. Many attempts have been made to 
“bring order and simplification to the complex maze in 
which—somewhere—is the right steel to solve virtually 


The beginnings of order came when the Gorham Tool 
Co assigned a logical system of code numbers to high- 
speed steels. This basic method was followed and ex- 
tended by the Joint Industry Committee in standardizing 
these steels for the automotive industry. 

In 1949, the work of the tool steel committees of the 
American Iron & Steel Institute and the Society of Auto- 
motive Engineers resulted in a standard grouping. This 
was revised in 1952 to include a modification of the 
Gorham and JIC numbering system. Last July, the 
American Society for Metals adopted the new designa- 
tions. The steels in the new standard are listed in Table 





any problem. 


Classification 
and properties 


Water hardening. . This group includes 
the plain carbon and the carbon-vanadi- 
um tool steels. The carbon steels were the 
Original tool steels. Development of the 
high-speed and alloy tool steels has meant 
their replacement in many specialized ap- 
plications. However, because of their low 
cost, abrasion-resisting and shock-resist- 
ing qualities combined with ‘ease of ma- 
chinability and ability to take a keen cut- 
ting edge, the carbon grades still have the 
widest field of application. 

The 0.80 carbon steel (W1-0.80C) is 
best for tools subject to shock, the 1.00 
carbon steel (W1-1.00C) is the general- 
purpose tool and die steel in widest use 
and the 1.20 carbon steel (W1-1.20C) 
provides maximum abrasion resistance 
and keenest cutting edge on tools. 

The carbon-vanadium steels (W2) are 
shallower hardening and allow a wider 
range of hardening temperature without 
increase in grain size (which would cut 
toughness). 

Water-hardening tool steels should not 
be used: 
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105 on pages 136 and 137. 


1. Where maximum safety in harden- 
ing is desired. 

2. In applications requiring maximum 
shock resistance. 

3. Where maximum abrasion resist- 
ance is required. 

4. Where tools or dies operate sub- 
stantially above room temperature. 

5. Where tool or die must have high 
hardness all the way through. 
Cold work. . This group was developed 
for maximum safety in hardening and 
minimum dimensional change after heat- 
treatment. They are preferred, therefore, 
for tools or dies with adjacent thin and 
thick sections, sharp corners, or numer- 
ous holes. Wear resistance is better than 
in the water-hardening grades, but tough- 
ness is not as good. They are not gener- 
ally suitable for use at elevated tempera- 
tures, though the air-hardening grades 
may be used where wear resistance is 
more important than heat resistance. 

Safer hardening is provided by the air- 
hardening grades than by the oil-harden- 
ing grades, as well as better wear resist- 
ance (and loss of toughness). 

The high-carbon high-chromium group 
has much better wear resistance with low 


toughness. Red hardness is higher, though 
not as high as in the hot-work steels. This 
group is the most difficult to machine of 
any of the tool and die steels. 

Material cost is relatively low for the 
oil-hardening grades, higher for air-hard- 
ening, highest (in this series) for high- 
carbon, high-chromium steels. 

Shock resisting. . This group was devel- 
oped for resistance to shock in cold- 
battering operations and where abrasion 
resistance is of secondary importance. 
The chromium-tungsten steel (S1) has 
some hot-work properties and can be 
used for hot-shearing and drop-hammer 
dies with operating temperatures from 
500 to 800 F. 

Hot work. . This group must combine 
red hardness with wear resistance and 
shock resistance. They have relatively 
low carbon and smaller quantities of the 
alloying elements than do high-speed 
steels. Their applications include header 
dies, gripper dies, extrusion dies, perma- 
nent-mold and die-casting dies, hot 
punches, shear blades, and trim dies. 
High speed. . High-speed steels, develop- 
ment of which began in 1900, were de- 
veloped primarily to provide red hardness 
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and high abrasion resistance with some 
shock resistance for use in cutting tools. 
The original HSS was 18% tungsten and 
4% chromium developed by Taylor and 
White. Mathews added the 1% vanadium 
three years later to form the familiar 
tungsten 18-4-1 (T1) which is still widely 
used. A number of other tungsten steels 
have been developed. 

More recent is the molybdenum group, 
of which the molybdenum-tungsten 6-6-2 
(M2) is a typical example and now the 
most popular high-speed steel. These 
have equivalent qualities and are cheaper, 
but require more care in heat treatment 
and have a greater tendency to decar- 
burize. These are not serious objection if 
modern equipment is available. 

Cobalt-bearing steels have been devel- 

oped in both the tungsten and molybde- 
num groups. These have higher red hard- 
ness with the usual loss of other 
properties. 
Carbon. . Purpose of carbon is to add to 
hardness and wear resistance. As carbon 
is added, up to about 0.85%, capacity of 
the steel to harden is increased. Adding 
more carbon does not materially increase 
the hardness, but it does increase wear 
resistance. Carbide segregation occurs in 
varying degree in the more highly alloyed 
steels and may cause tool failure or diffi- 
culty in machining. There is less difficulty 
with carbide segregation in low-alloy and 
carbon-tool steel. 


Manganese. . All tool and die steels con- 
tain small quantities of manganese. It is 
not considered an alloying element until 
present in amounts above 0.60 to 0.80%. 
Manganese counteracts the brittleness 
caused by sulfur and makes the steel 
easier to forge. As an alloying addition 
it provides an inexpensive method of in- 
creasing hardenability. It causes the steel 
to harden rapidly so that steels with al- 
loying percentages of manganese should 
be oil quenched. 

Silicon. . Small percentages of silicon, 
usually from 0.15 to 0.35%, are added 
to all tool steels as a deoxidizer and to 
make them easier to hot forge and roll. 
For alloying purposes, silicon may range 
to 2% or higher. In combination with 
molybdenum, manganese, or chromium 
it increases the strength and toughness of 
shock tools. Care must be taken to avoid 
decarburization of high-silicon steels. 
Chromium. . Chromium is added to tool 
steels in amounts up to about 12% to in- 
crease hardening characteristics. In com- 
bination with high carbon it contributes 
wear resistance and toughness. Its tend- 
ency to form carbides is greater than 
manganese, but less than tungsten. Low- 
and medium-chromium steels will fre- 
quently change size in hardening even 
more than plain-carbon steels. Chromium 
raises the hardening temperature of tool 
steels. 

Vanadium. . Small amounts of vanadium 


Selecting a tool steel 


The basic principles involved in selecting a tool or die 
steel can be rather easily learned. But the job of applying 
these principles to a particular operation develops into a 
complex one requiring skill and experience. 

Considerable effort has been put into the development 
of charts and lists of operations designed to aid in intelli- 
gent selection. These are available from the various pro- 
ducers of the steels. Such lists, however, must be exceed- 


Basic characteristics 


Non-deforming properties. . This column 
in the table refers to the distortion 
normally obtained in quenching from 
the hardening temperature normally 
employed. The steels rated above 75 
can be machined close to size before 
hardening. The water-hardening steels 
distort the most, except that when the 
depth of case is slight in comparison with 
the core in a particular design, there will 
be little distortion. 

Safety in hardening. . The major point 
here is freedom from cracking in harden- 
ing intricate sections. But in general it 
refers to freedom from difficulties in the 
heat-treating operation. 


Toughness. . The ability to resist the 
softening effect of heat is important in 
tools intended for hot work. It varies 
directly with the content of alloying 
elements that will form hard, stable 
carbides. 

Wear resistance. . The resistance to wear 
or abrasion varies with the alloy content 
as indicated in the table. It also varies 
markedly with the hardness of a given 
steel. Thus wear resistance can be in- 
creased, in general, by operating at the 
upper end of the hardness range when 
other factors will permit. 

Cutting Ability. . This is, in reality, a 
combination of several of the other 
characteristics. A direct rating of the 
ability of the steel to hold a keen cutting 
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are added to refine the carbide structure 
of tool steels, which otherwise is difficult 
to break up during hot working. In larger 
amounts, up to about 4%, it increases 
the red hardness of the steel. Vanadiur 
has a very strong tendency to form ca. 
bides. 

Tungsten. . Tungsten alloys with iron in 
all proportions enabling it to resist the 
effects of high temperature and forming 
hard, abrasion resisting carbides. ‘Tung- 
sten enables steels to resist the softening 
that takes place during tempering. For 
this reason it is sometimes included in 
hot-work steels. 

Molybdenum. . Molybdenum contributes 
to deep hardening, being second only to 
carbon in this respect. It raises the re- 
sistance to elevated temperatures, and in 
amounts between 0.25 and 1.50% it in- 
creases toughness. In some high-speed 
steels, molybdenum replaces part of the ' 
tungsten. 

Cobalt. . Cobalt is added, usually to high- 
speed steels, to increase red hardness. 
This permits cutting tools to operate at 
higher speeds. Cobalt raises the tempera- 
ture necessary for hardening, increases 
surface decarburization, and decreases 
toughness. 

Nickel. . Nickel has little effect on the 
hardenability of tool steel, but it does 
add to the toughness and possibly to the 
wear resistance when used with a harden- 
ing alloy such as chromium. 


ingly detailed and often recommend several steels for 
each operation. 

Rather than include such a list here, Table 106 gives an 
approximate rating to each of the basic characteristics 
involved in selection except cost. Cost varies from about 
25¢ a pound to more than $4.00 a pound, so this factor 
should not be overlooked. The chart on page 139 will 
also aid selection. 


edge is useful, however, in selecting steels 
for cutting tools. 

Machinability. . Many ratings of 
machinability exist in percentage terms. 
The available data differ so widely for a 
given tool steel, and vary so much with 
changes in hardness and variations in 
composition from the nominal, that no 
direct percentages are given in the table. 
The letter code gives a truer indication 
of the relative machinability. 
Resistance to decarbonization. . This 
factor influences the type of heat-treating 
equipment required and the amount of 
material that has to be removed after 
hardening. Those steels rated E (poor) 
should be protected from decarburization 
during the heating cycle. 
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table 105 . . CLASSIFICATION AND APPROXIMATE COMPOSITIONS OF TOOL AND DIE STEELS 


: 
$2 3s 
3 


Vanadium 
v 
va 


Type 





WATER-HARDENING TOOL STEELS 
80 Carbon Wi1-.80C 


90 Carbon Wwi-.90C 
1.00 Carbon W1-1.00C 
1.20 Carbon W1-1.20C 

90 Carbon-V W2-.90C 
1.00 Carbon-V W2-1.00C 
1 00 Carbon-VV W3-1.00C 
Carbon-Chromium 
Carbon-Chromium 
Carbon-Chrome-Vanadium 


Carbon-Chrome-Vanadium 


SHOCK-RESISTING TOOL STEELS 
Chromium-Tungsten 
Silicon-Molybdenum 
Low Chromium-Tungsten 
Silicon-Mangancse 


Silicon-Manganese-Moly 


COLD-WORK TOOL STEELS 

Oil Hardening 
Low Manganese 
High Manganese 
Molybdenum Graphitic 
Tungsten 

Air Hardening 
5% Chrome Air Hardening 
2% Manganese 
3% Manganese 
Manganese 

High Carbon-High Chromium 


High Carbon- 
High Chromium IID1 


High Carbon- 
High Chromium (Air) IID2 


High Carbon- 
High Chromium (Oil) IIC1 


High Carbon- 
High Chromium-Moly IID3 ° .00 


High Carbon- 
High Chromium-Cobalt D5 IID2 . 50 .40 .00 


High Carbon- 
High Chromium-Tungsten D6 IIc 2.25 1.00 12.00 1.00 





*Limits on manganese, silicon, and chromium are not normally required on special and extra grades in lieu of Shepherd hardenability 
limits (see page 147). On standard and commercial grades, limits are generally .35 Mn max, .35 Si max, .15 Cr max in standard grade and 20 
Cr max in commercial grade. Total of the three elements not to exceed .75%. 

bMay be present in percentages other than shown. 

*Optiona!l element. 
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table 105 . . CLASSIFICATION AND APPROXIMATE COMPOSITIONS OF TOOL AND DIE STEELS, (continued) 


4 
x 


Chromium 
Cr 
Vanadium 
v 


is 





Type 





HOT-WORK TOOL STEELS 
Chromium Base 

Chrome-Moly-V 
Chrome-Moly-Tungsten 
Chrome-Moly-VV 
S$ Chrome-5 Tungsten 
5 Chrome-5 Moly 
8 Chrome-8 Tungsten 


Tungsten Base 
9 Tungsten-2 Chr 
9 Tungsten-4 Chromium 


333888 








15 Tungsten-3 Chromium 
15 Tungsten-4 Chromium 
18 Tungsten 

Molybdenum Base 
8 Molybdenum 
S$ Molybdenum 
8 Molybdenum-2 Vanadium 


ss3sesns 


$38 


HIGH-SPEED TOOL STEELS 
Tungsten Base 


Tungsten 18-4-1 

Tungsten 18-4-2 

Tungsten 18-4-3 
Cobalt-Tungsten 18-4—1-—5 
Cobalt-Tungsten 18-4-2-8 
Cobalt-Tungsten 18-4—2-12 
Tungsten 14-4-2 
Cobalt-Tungsten 13-4—5-5 
Tungsten 18-4-4 
Cobalt-Tungsten 13-4—5-—5 


Molybdenum Base 
Molybdenum 8-2-1 
Molybdenum-Tungsten 6-6-2 
Molybdenum-Tungsten 6—6—3 
Molybdenum-Tungsten 6—6—4 
Cobalt-Moly-Tungsten 

5-4-1-12 
Moly-Tungsten-Columbium 
4-5-1 
Molybdenum 8-0-2 
Cobalt-Moly-Tungsten 
8-2-1-5 
Cobalt-Moly-Tungsten 
8-2-2-8 
Cobalt-Moly-Tungsten 
5-~6-2-5 
Cobalt-Moly-Tungsten 
6-6-2-8 


eer aPr eee era e 
UtnneKY Ke Were 


SPECIAL-PURPOSE TOOL STEELS 
Low-Alloy Types 


1% Chromium 
Chrome-Vanadium 


Chrome-Vanadium 
Chrome-Vanadium 
Chrome-Manganese 
Nickel-Chromium 
Chromium 


Carbon-Tungsten Types 
Carbon-W 
Carbon-WW 
Carbon-Chrome-WW 

Mold Steels 
Straight Iron 
Chrome-Nickel-Moly 
Nickel Alloy 
5% Chrome Air Hard 
2% Chromium 
Chrome-Moly 
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table 106. . APPROXIMATE METALLURGICAL CHARACTERISTICS Depth of hardness: Steels quenched in 
FOR SELECTING TOOL STEELS water generally have a shallow case over 
a soft core. When high strength is re- 
quired all the way through a large sec- 
tion, a steel with deep-hardening charac- 
teristics should be selected. 
Hardness. . The Rockwell C range indi- 
cates the normal hardness that can be 
obtained through the tempering range. 

To some extent the desirable charac- 
teristics of tool steels are mutually op- 
WATER-HARDENING TOOL STEELS posed. Of the four principal ‘Came, tough- 
mess goes up as wear resistance goes 
down, red hardness goes up as safe hard- 
ness goes down, and vice versa. This is 
not completely true because by alloy 
combinations it is possible to increase 
both toughness and wear resistance, for 
example, though usually at a loss in some 
other characteristics. 

The chart shows roughly the relation- 
ship of a number of widely used tool 
steels in relation to these four factors. Ih 
is impossible to position each steel ac- 
curately in relation to every other be- 
cause the factors do not always vary 
directly. Even so, this chart should help 
in learning the general relationships of 
the steels and in simplifying the first steps 
in selection. 


Depth of Hardness 


Rockwell C 


AISI-SAE Number 
Hardness, 


Wear Resistance 
Cutting Ability 


Non-Deforming 
Machinability, 
Annealed 
Resistance to 
Decarburization 


Properties 





W1-.80C 20 
W1-.90C 20 
W1-1.00C 20 
W1-1.20C 20 
W2-.90C 20 
W2-1.00C 20 
W3-1.00C 20 





SHOCK-RESISTING TOOL STEELS 
81 42 c 
$2 42 o-c 

W-E 
ss 42 oc 
W-E 


COLD-WORK TOOL STEELS 
o1 86 
o2 90 
06 81 
A2 78 
D2 78 
D3 81 
DS 78 


Steps in selection 


In selecting a steel, the starting poim 
is always a plain carbon steel such as 
W1-1.00C. This group is the cheapest and 
easiest to machine so should be selected 
when it will meet requirements. If slightly 
deeper hardness penetration is required, 
go to a lower carbon steel such as WI- 
HOT-WORK TOOL STEELS .90C. If shallower hardness penetration 

or finer grain structure are required, go 

_ rs to a carbon-vanadium steel such as W2- 

H12 30 1.00V. 

— ” Check the metallurgical characteristics 

eas ” of the carbon steels in the table. If they 
are inadequate for the job, return to the 
chart and move in the desired direction. 
After selecting a steel in the required 
area, check the table to see if it will meet 
all the requirements. The metallurgical 
characteristics must be examined in the 
light of the requirements of the job, the 
quantity to be produced, and the relative 
cost of the steels. 

If none of these steels seem quite right, 
it is advisable to consult with one or 
more steel producers. They may be able 
to advise a special steel that will fit the 
particular requirements. 

The average plant can simplify its tool 
steel problems by settling on a few steels 
SPECIAL-PURPOSE TOOL STEELS as standard. These will prove adequate 

L6 30 c (2 Sa c Medium for nearly all jobs. The resulting sim- 

L7 87 c 6 (ae c c Medium 60-62 plicity in ordering, stocking, and selecting 
steels will generally offset the disadvan- 
Letter Code: A=best, B=very good, C=good, D=fair, E=poor; O=oil quenched, tage that for some operations a non- 
standard steel might be slightly more 


B 
B 
B 
A 
A 
B 
A 


HIGH-SPEED TOOL STEELS 
Tl 30 
T2 30 
T3 30 
T4 30 
TS 30 

30 
30 
30 
30 
30 
30 


cououo0U0DoDoOOaNA 
ouUoUoDvVOoUOOUOUO 
Saree ePeewewanandn 





W =water quenched. 
Number Code: Higher numbers represent better characteristics efficient. 
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Heat Treating 


Normalizing. . Normalizing after forg- 
ing is advisable for steels that do not have 
strong air-hardening tendencies. It re- 
sults in more uniform structure and grain 
size. The work is heated slowly (see heat- 
ing precautions) to about 100 F above 
the critical temperature and held long 
enough to reach a uniform temperature 
through the piece. Prolonged soaking is 
undesirable. 

After heating, the work is removed 
from the furnace and cooled in still air. 
Normalizing should always be followed 
by annealing. 


Oil quench before anneal. . Carbon and 
carbon-vanadium tool steels with more 
than 1.10 carbon and size over 2 in. are 
generally oil quenched rather than nor- 
malized before annealing. The work is 
heated as for normalizing, then quenched 
in oil rather than cooled in air. This pro- 
motes the formation of a spheroidized 
structure upon annealing. 


Annealing. . Tool steels are normally 
purchased already annealed. But if they 
have been forged or hardened they must 
be annealed before further heat treat- 
ment. They should be annealed in con- 
trolled atmospheres or packed in sealed 
containers filled with cast-iron chips, 
lime, mica, or other neutral material. 
The work must not be in contact with the 
container. When packing the work in 
cast-iron chips, wrapping it in brown 
paper will keep the chips from sticking. 

Heat slowly and uniformly to the tem- 
perature (see Table 63). Hold at this 
temperature long enough for complete 
penetration and transformation, generally 
1 to 4 hr. 

Cool slowly, preferably in the furnace, 
down to 1000 F. Proper cooling rates 
range from 10 to 50 F per hour, with the 
slower rates being required for higher 
alloy content. Below 1000 F the cooling 
rate can be a little faster. 


Stress relieving. . After heavy machining 
or any cold working of annealed tool 
steels, they should be stress-relieved be- 
fore hardening. This is done by heating 
to about 1200 F and cooling slowly. Any 
change in dimensions should be cor- 
rected by further machining before hard- 
ening. To hold warpage in hardening to 
a minimum, stress-relieve between rough 
and finish machining. 


Hardening. . The rate of heating for 
hardening should be slower for alloy 
steels than for plain carbon steels. The 
higher the alloy content, the slower the 
heating rate should be. Much difficulty 


with warping or size change can be re- 
duced or eliminated by slow, uniform 
heating. 

Molten baths provide the fastest meth- 
od of heating. Open or semi-muffle fuel- 
fired furnaces are slower. Electric or 
complete muffle furnaces are slowest of 
all. 

The steel should be placed on supports 
to raise it from the furnace floor. The 
supports should be so placed that the 
steel will not sag while in the plastic 
state. Parts that tend to heat non-uni- 
formly should be rotated occasionally. 

When heated, tool steel will decar- 
burize if in contact with scale. Therefore. 
steel, furnace hearth, containers, and sup- 
ports must be kept as free from scale as 
possible. 

Large or intricate shapes should always 
be charged into a furnace below 1000 F. 
Experiment will determine when small 
pieces can be charged at higher tempera- 
tures. 

Preheating is not always necessary for 
the water-hardening or oil-hardening 
groups. However, if the furnace does not 
have controlled atmosphere, preheating 


@ SAFER HARDENING 


will reduce the time in the hardening fur- 
nace and reduce scaling and decarburiza- 
tion. 

In general, large pieces are heated to 
the high side of the hardening range and 
small pieces to the low side. Steel must 
be held at temperature long enough to 
insure uniform heating. Quenching when 
the center is cooler than the surface is 
likely to cause spalling of the corners. 
Longer time at temperature is required 
for the high-alloy steels. 

The manganese oil-hardening steels 
(O1 and O2) tend to quench with a soft 
skin on the surface. A slightly oxidizing 
atmosphere will prevent this condition. 
The high-speed and high-chromium steels 
should be heated in a reducing atmos- 
phere. 

When pack hardening, it is advisable 
to insert a thermocouple in the pack, 
near to or in contact with the tools. 
Otherwise it is difficult to estimate the 
time required. 

Higher temperatures than necessary o7 
overlong soaking at hardening tempera- 
tures will lead to grief. It causes decar- 
burization, coarse grain structure. and is 
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Initial selection of tool steels can be made from this chart. More exact data are 
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likely to result in cracking in the quench. 

The safest procedure is to make a trial 
run when working with an unfamiliar 
tool steel. Nick several small specimens 
and harden them from a range of tem- 
peratures below, at, and above the rec- 
ommended temperature. Take hardness 
readings of the test pieces and break 
them at the nick. Study of the fractures 
will show which temperature produces 
the best grain refinement. A combination 
of this test with the hardness data will 
make it possible to select the best tem- 
perature for hardening. 


Quenching media 


Water. . Fresh water is generally un- 
desirable because of the air it contains. 
Water that has been boiled or frequently 
used for quenching will give better re- 
sults. Temperature should be 60 to 80 F. 

Brine. . A more uniform and drastic 
quench is provided by brine (not over 
10% salt by weight) than by water, espe- 
cially in still or mildly agitated baths. It 
produces a cleaner, more uniform sur- 
face on the tools. Temperature should 
be 60 to 80 F. Rinse the parts after 
quenching to avoid corrosion. 

Oil. . Best results with oil baths are at 
temperatures from 100 to 150 F. Quench- 
ing in cold oil should be avoided. Min- 
eral oils are preferable to animal or 
vegetable oils. The bath should be 
checked for the presence of water. 

Air. . Air hardening can be done in 
still air, fan air, or a blast of compressed 
air. Blast air must be applied evenly over 
the work and must be free of water. The 
tool should be supported to provide as 
even cooling as possible. 

Sodium hydroxide. . Carbon tool steels 
may be quenched in 5 to 10% sodium 
hydroxide. It has a tendency to overcome 
soft spots, gives a bright finish, and does 


Forging 


Heating precautions 


Molybdenum high-speed steels are 
coated with borax to prevent decarburiza- 
tion. They can be sprinkled with or rolled 
in borax powder after heating to 1300 to 
1500 F, or dipped hot or cold into borax 
solution at 180 F. Dipping is preferable 
because only a light coat is required. If 
reheating is necessary, the blank should 
be recoated. 
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not corrode the steel. It will irritate the 
skin and must be handled with care. 
Quenching methods. . When work is re- 
moved from the furnace and placed in 
the quench, the formation of gas pockets 
must be avoided. This can be done by 
vigorous agitation or by sprays or geysers. 
The quenching medium must come in 
contact with all parts of the work (this 
means the work must not rest on the 
bottom of the tank). 

The work should not be removed from 
the quench until it is below 200 F (see 
exceptions below). A good method is to 
remove it when the surface temperature 
is 125 to 150 F. If a large mass is in- 
volved, place the work in an oil bath 
until the temperature is equalized 
through the work. 

After quenching, the steel is in a highly 

strained condition and cracking is always 
imminent. The work should never be 
allowed to get completely cold at this 
time, but should be placed immediately 
in the tempering furnace. 
Interrupted quenching. . High-speed and 
other highly alloyed steels frequently 
give better results with an interrupted 
quench. The work is quenched into an 
oil, salt, or lead bath at 1050 to 1150 F. 
When the steel has cooled to bath tem- 
peratures it is removed and cooled in 
still air to the temperature (100 to 125 F) 
at which it is ready for tempering. 

Martempering. . Oil and air hardening 
tool steels can be quenched into a salt 
bath slightly above the temperature 
where martensite begins to form, then 
cooled in still air. Bath temperature is 
400 to 425 F. The bath should be of 
sufficient size and circulation for the 
work to reach this temperature in not 
more than 10 min. This method avoids 
warpage but must be performed with 
accurate temperature control if cracking 


is to be avoided. Martempering is fol- 
lowed by tempering in the usual way. 

Austempering. . Austempering is a pat- 

ented method that can be applied to some 
tools. They are quenched into the low 
temperature bath which has a rate of 
heat abstraction high enough to prevent 
the formation of high-temperature trans- 
formation products. It is limited to sec- 
tion sizes smaller than 1 in. and tools 
which do not require a hardness higher 
than R, 60. 
Tempering. . Satisfactory tempering de- 
pends on slow, even heating. Liquid baths 
are generally best—oil at low tempera- 
tures and salt or lead for high tempera- 
tures. In a liquid, the work should be 
placed in wire baskets to prevent contact 
with sides of bottom of the tempering 
pot. The steel, still warm from hardening, 
should be charged into the furnace or 
pot at a low temperature. 

Rapid heating will cause warpage. 
Bring the temperature slowly to the de- 
sired level. Time at temperature is of 
especial importance. At 300 F time 
should be about 4 hr per inch of section; 
at 400 -F, only about 2 hr is required. In 
the higher range, above 1000 F, 45 to 60 
min per inch is adequate. 

Never economize on time at this stage. 
An extra hour in the tempering bath may 
avoid breakage of the tool or die. After 
tempering, the work is removed and 
cooled in still air. 

High-speed and hot-work steels require 
double tempering. That is, the tempering 
cycle is repeated twice. Failure to per- 
form this second tempering may cause 
early failure. Hot-work steels should be 
tempered about 50 F above their ex- 
pected operating temperature. 

Ring dies are generally flush quenched 
on the center only and are not tempered 
because the stresses are favorable. 


All tool steels have some tendency to decarburize when 
heated, though this trait is much stronger in the alloy 


steels than in the carbon steels. Tool steels should be 
heated, therefore, under accurately controlled tempera- 
ture and atmosphere conditions. Regular furnaces are all 


right if the parts are packed in containers with a protec- 


tive material. 


Tool steels must be heated slowly and 
uniformly to permit the heat to penetrate 
to the center of the piece. Preheating is 
desirable. A preheat furnace reduces the 
danger of rupture through rapid initial 
heating, decreases the time the work 
must be held at the high temperature. 

If preheating is not possible (and in 
winter even when it is) it is desirable to 
knock the chill off the steel before putting 


it in the furnace. This can be done by 
placing it on or near the furnace or in a 
hot-water bath. 

Work should generally be soaked at 
the forging temperature for about 15 min 
for each inch of thickness. This should 
be increased to about 20 min for high- 
chromium steels. But do not hold at forg- 
ing temperature longer than this and do 
not let the work overheat. 
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table 107 . . FORGING AND HEAT TREATING OF TOOL AND DIE STEELS 


FORGING 


AISI-SAE 
Number 
Heat Slowly to, °F 
Start Forging, °F 
Stop Forging, °F 


ANNEALING 
ew 


a 
°F 


or Forged, Brinnel 
Annealed Hardness 


Hardness as Rolled 
Normalize, 
Annealing 
Temperature, 


HARDENING 


Quenching Medium 


Hardening 
Temperature, °F 





WATER-HARDENING TOOL STEELS 
W1-.80C 1450 1875-1925 
Wwi1-.90C 1450 1850-1900 
W1-1.00C 1450 1850-1875 
W1-1.20C 1450 1825-1850 
W2-.90C 1450 1850-1900 
W2-1.00C 1450 1850-1875 
W3-1.00C 1450 1850-1875 


SHOCK-RESISTING TOOL STEELS 


$1 1500 1900-2100 


1900-2100 
1850-1950 


$2 1500 
Ss 1500 


COLD WORK TOOL STEELS 
Ql 1500 1800-1950 
1500 1800-1900 
1500 1950 
1650 1900-2050 
1250 1900-2000 
1500 1900-1950 


1650 1800-2000 


HOT-WORK TOOL STEELS 
Hil 1600 
H12 1650 
H13 1650 
H21 1600 


2000-2100 
2050-2150 
2050-2150 
1950—2000 


HIGH-SPEED TOOL STEELS 
T1 1600 
T2 1600 
T3 1600 
T4 1600 
TS 1600 
T6 1600 
Ts 1600 
Mi 1500 
M2 1500 
M3 1500 
M4 1500 
M36 1500 


SPECIAL-PURPOSE TOOL STEELS 
L6 1500 
L7 1500 


2000-2150 
2000-2150 
2000-2050 
2000-2100 
1950-2050 
1950-2050 
1900-2100 
1900-1950 
1900-2100 
1950-2050 
1950-2050 
1950-2050 


1800-2000 1600 
1800-2000 1550 


1400-1450 
1375-1425 
1375-1425 
1375-1425 
1375-1425 
1375-1425 
1375-1425 


1500-1600 
1500-1600 
1550-1650 
1550-1650 
1500-1600 
1550-1650 
1550-1656 


Don't 1450-1500 


1400-1450 
1400-1450 


1500-1600 
1500-1600 


Don’t 1400-1450 
1500-1550 1375-1425 
1650 1450 
Don’t 1600-1650 
Don’t 1600-1650 
Don’t 1600-1650 


Don’t 1625-1650 


Don’t 
Don’t 
Don’t 
Don’t 


1550-1600 
1550-1600 
1550-1600 
1550-1600 


1600-1650 
1600-1650 
1600-1650 
1600-1650 
1600-1650 
1600-1650 
1600-1650 
1550-1600 
1600-1625 
1550-1600 
1550-1600 
1550-16090 


Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 
Don’t 


1400-1450 
1450-1500 


1550-1650 
1550-1650 


300-650 
300-650 
300-650 
300-650 
300-650 
300-650 
300-650 


1450-1500 
1425-1475 
1375-1450 
1375-1450 
1425-1475 
1400-1450 
1400-1450 


feeeeee 
wi www 


° 


300-500 
1000-1200 
300-800 
400-650 


1700-1800 


1550-1650 
1600-1700 


350-450 
325-475 
300-800 
350-600 
400-900 
350-500 
800-1000 
450-980 


1450-1500 
1400-1440 
1540-1550 
1725-1775 
1800-1850 
1750-1825 


1825-1850 


1050-1150 
1000-1150 
1050-1100 
1100-1250 


1825-1875 
1800-1875 
1825-1875 
2050-2150 


1025-1100 
1025-1100 
1020-1050 
1000-1100 
1050-1100 
1050-1100 
1050 
1000-1050 
1000-1075 
1020-1080 
1025-1075 
1020-1080 


2325-2375 
2325-2375 
2300-2350 
2350-2400 
2350-2400 
2350-2425 
2300-2350 
2175-2240 
2250-2300 
2200-2250 
2150-2225 
2200-2275 


e0o0o0oo0o0o0000°o 


1500-1600 
1525-1550 


oo 





Quenching Medium: W—water, B—brine, O—oil, A—air. 


Forging practice 


Most tool-steel forging is done in open 
dies. Forging should start with light 
blows which can be increased after metal 
begins to flow. Corners should be 
knocked down before striking a flat sec- 
tion. 

All reduction in cross-section is made 
by going from a square section to a 
square section. When other shapes are 
desired, the reduction in section is made 
first, then the round or other shape 
formed. Rounds should be forged in V- 
dies to prevent center ruptures. 

When tool blanks are to be forged in 


impression dies, they should first be 
forged to approximate shape in open dies. 
The high-speed steels especially resist 
plastic flow and have a tendency to burst. 

The chance of hammer bursts is re- 
duced if the billet length is at least twice 
the billet thickness. If the shape is likely 
to cause difficulty, it is safer not to saw 
the blank, but to heat and part it with a 
hack. 

Cobalt steels require special care in 
forging. They crack easily if the temper- 
ature is too low. But with all tool steels 
it is important to keep within the forg- 
ing range. The operator must watch the 
work closely and stop forging promptly 
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at the lower limit. All the steels can be 
reheated as often as required to complete 
the operation. 


Cooling 

All tool steels have some air-hardening 
properties and should be cooled slowly 
after forging to prevent cracking from 
forging strains. This is less necessary for 
carbon steels, but even they do better 
with slow cooling. Forgings should be 
buried in dry ashes, lime, mica, Silocel, 
or some other retardant material. 

In forging tool or cutter blanks, it is 
customary to leave a %-in. allowance for 
machining. 
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. . tool and die 


Because tool steels are a quality material, they are usually 
governed by rigid specifications. Many companies specify 
physical, chemical, and metallurgical tolerances when 
ordering these steels and test the steels upon receipt to 


see that they conform to specifications. 


Surface allowances must be included 
for decarburization and surface defects 
in hot-rolled or cold-drawn steels (see 
Table 108). 

Centerless-ground stock is normally 
specified to be free of surface defects but 
an allowance must be made for decar- 
burization. Typical allowance is 0.005 in. 

It is also necessary to establish dimen- 
sional tolerances when steel is ordered 
to specified sizes. Ordering is simplified 
when these and surface allowances are 
within the limits normally guaranteed by 
the supplier. 

For chemical limits it is necessary to 
establish a range of composition for each 
element in the steel. This may be as small 


table 108 . . SURFACE ALLOWANCES 
FOR TOOL STEEL 


Allowance per 


Dimensions, in. side, in. 





0.016 
0.031 


up to % 

over 4% tol 
over 1 to 2 
over 2 to 4 
over 4 to 5 





table 109 . . MACHINING ALLOWANCES 
FOR TOOL STEEL 


Diameter of bar, in. Allowance, in. 





1% and under 
over 14% to3 
3 to 5 

over 5 





as 0.10% for the carbon content of some 
steels or as much as 2.5 or 3% for the 
cobalt or tungsten content in some high- 
speed steels. Standard composition ranges 
for SAE steels are now under develop- 
ment. Analysis of the chemical composi- 
tion is made after removing the decar- 
burized surface. The sample may repre- 
sent a complete cross section or be taken 
parallel to the axis by drilling midway 
between the center and the surface. 

Steel is normally purchased in the an- 
nealed condition and a limit on hardness 
may be included or hardness may be 
specified to fall within a certain range. 
Comparative tests on miacrostructure. 
carbide form and distribution, harden- 
ability, and grain structure may be in- 
cluded. Some of the most frequently 
employed tests are described below. 
Grain size. . The fracture method of 
checking for grain size can be applied to 
all tool steels. It is made by hardening a 
notched specimen not more than 1 in. in 
section. After fracture by pressure or im- 
pact, the fractured surface is compared 
with standard samples such as _ the 
Shepherd fracture standards. These are 
rated from 1 to 10 with the higher num- 
bers representing finer grains. A typical 
requirement would call for a grain size 
no coarser than 8 except on some hot- 
work steels. High-speed steel requires a 
finer grain structure. 

The intercept method is more suitable 
for high-speed and high-carbon, high- 


table 110 . . TYPICAL TURNING SPEEDS FOR ANNEALED TOOL STEELS (Sfpm) 


Work 
Material 


Tool 
Material 


33 
ES 
33 


°o 


Cut 3/32 
to 3/16 
Feed 
9.015 
to 0.030 
Cut 3/16 
to 0.050 





cme TOOL HSS 
LOW-ALLOY STEELS , Case Say 
Carbide 
MEDIUM-ALLOY j Hss 
STEELS Cast Alloy 
Carbide 
. HSS 
< Cast Alloy 
i] Carbide 


500-750 


375-500 
HIGH-SPEED STEELS 
HIGH-CARBON 
HIGH-CHROMIUM 
STEELS 325-400 


125-175 
200-250 
300-400 

80-100 
170-200 
250-300 

75-120 
110-130 


250-325 200-250 





table 111 . . ANGLES (IN DEGREES) OF SINGLE-POINT TOOLS FOR TOOL STEELS 


Tool Material Side Back 
Rake Rake 


End Side 
Side End Cutting Cutting 
Relief Relief Edge Edge 





High-Speed Steel 

Cast Alloy 

Carbide (Annealed Tool Steel) 
Carbide (Hardened Tool Steel) 


10 10 
10 15 


8-12 
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Testing 


chromium steels because it is more sensi- 
tive to fine changes in grain structure. 
The intercept count is the average of the 
number of grains intercepted by a line 
0.005 in. long at ten random points. 
Numbers above 15 indicate a very fine 
grain size, 12 to 15 a fine grain size, 9 to 
11 a fairly coarse grain size, and 8 and 
lower a coarse grain size. 

In practice, a polished specimen is 

etched by a 3 to 1 combination of hydro- 
chloric and nitric acids. It is examined at 
L000X and the number of grains inter- 
cepted by each of ten S5-in. lines is 
counted and recorded. A typical standard 
calls for intercept counts from 12 to 16. 
Deep-etch test. . Visual examination for 
seams, surface cracks, internal cracks. 
pipes, and segregation is made by a deep- 
etch test. A cross section of the steel is 
machine finished or rough ground and 
heated to 160 to 180 F. It is immersed 
in a 1 to 1 hydrochloric acid bath main- 
tained at the same temperature. Time 
varies from 30 to 40 min depending on 
analysis. The time is critical as too light 
or too deep an etch will not show up 
details. 
Hardenability. . Ability of the steel to 
have a uniform and minimum hardness. 
and in the case of shallow-hardening 
steels to harden to a certain depth, can 
be checked in a number of ways. One of 
the most common for carbon and carbon- 
vanadium steels is the Penetration-Frac- 
ture test. For the P-F test, four specimens 
are selected, typically %4-in. dia by 3 in. 
long. Some plants use specimens 1 to 1% 
in. in dia with length three times the 
diameter. 

Specimei's should be machined to re- 
move all decarburization and should be 
taken off center from large bars. Outside 
surface is ground or polished. The four 
specimens are hand quenched in brine 
from 1450, 1500,°1550 and 1600 F. 
Sometimes they are quenched in water 
with a special fixture. 

The specimens are fractured and the 
grain size of one half checked against 
Shepherd standards. The other half is 
ground smooth and parallel to the fin- 
ished end, then etched in 1 to 1 hydro- 
chloric acid at 180 F. The hard case is 
clearly defined and can be measured in 
64ths of an inch. Care must be taken to 
prevent tempering in grinding. 

Deep-hardening steels do not show a 
clearly defined case. The test can be 
made of these steels with the larger sam- 
ples or other tests can be selected. 
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Microscopic examination. . Polished sam- 
ples are inspected under the microscope 
at 100X or more. Unetched specimens 
are checked for non-metallic inclusions. 


Polished and etched specimens are ex- 
amined for carbide segregation. The ex- 
tent of segregation is especially important 
in high-speed and high-carbon high- 


chromium steels. Generally more latitude 


segregation in larger bars than in small 
ones. A single microscopic examination 
will not always give a true picture of a 
bar because the extent of segregation 
may vary considerably from one end of 


Careful polishing is required to avoid 


pits. is required in setting limits on carbide 


Machining 


Machining of tool steels is done in the annealed condition 
whenever possible. However, it is now possible to machine 
these steels in the fully hardened condition when nec- 
essary. 

Normally, tool steels are furnished in the annealed con- 
dition. If it has been necessary to forge them they should 
be normalized (when applicable) and annealed before ma- 
chining is performed. An exception is the medium carbon, 
low-alloy die blocks for forging which are generally heat 
treated prior to machining, and are often purchased in 
the hardened condition. 

In the annealed condition hardness generally ranges 
from 160 to 250 Brinell. Difficulties arise because the high 
carbon or alloy content makes them extremely abrasive 
to the cutting tools. If the hardness is too low, these steels 
are gummy and tend to tear, causing the tools to dig in 


the bar to the other. 


and break. This is especially true of the die steels and they 
are easier to machine at 250 Brinell than at 180. 

The high-carbon chromium steels are the most difficult 
to machine, with the high-speed steels next. Of the latter, 
the cobalt grades are the hardest on tools with the straight 
tungsten grades being slightly harder to machine than are 
the molybdenum types. 

Rough tool marks should be removed before hardening 
or they may cause cracking. 

Most of the machining is done with tungsten 18-4-] 
high-speed steel. However, straight tungsten-carbide 
grades in the higher hardness range and cast alloys or 
steel-cutting carbide grades in the medium hardness range 
are employed. When it is necessary to machine tool steels 
or die steels for cold work in the fully hardened condition, 
straight tungsten-carbide tools are required. 


Turning. . Usual practice is to run the 
job fast enough to produce a blue chip. 
Typical speeds are suggested in Table 
110, but because of the abrasiveness of 
the material, it may be found necessary 
to run at lower speeds. These speeds 
apply to a dead-soft anneal. Progressively 
harder anneals require progressively 
slower speeds. 

Typical tool angles for single-point 
tools are given in Table 111. Hone lightly 
across the edges of carbide tools. If heat- 
treated tool steels are machined with 
carbide tools that are properly ground 
and honed it is sometimes possible to get 
a finish that is satisfactory without grind- 
ing. 

For carbon and low-alloy steels, ordi- 

nary soluble oils mixed with 10 to 20 
parts water are suitable as coolants. For 
high-speed and high-carbon high-chromi- 
um steels, a sulfurized petroleum or fatty 
oil is generally preferable. 
Milling. . Climb milling is generally pre- 
ferred for the tough-alloy, high-carbon 
high-chromium, and high-speed steels. 
Cutter teeth ordinarily have an 8 to 10° 
positive rake, 7 to 8° clearance angle, 
and no land. For conventional up milling. 
cutters should have 10 to 15° positive 
rake, 3 to 5° primary clearance and 10 
to 15° secondary clearance. They can 
have a land, usually \% in. 

Typical surface speeds and feeds per 
tooth are given in tables. Higher speeds 
than indicated have been used with good 


results by some plants in rigid setups. 

End milling is a common operation on 
die steels, either with straight end mills 
or with formed cutters. These are gener- 
ally made of high-speed steel for milling 
annealed tool steel or hardened dies for 
hot work, such as forging dies. The de- 
sign of the cutter will depend on the 
shape required in the impression. Straight 
end mills should have a slight back taper 
to avoid drag. 

End milling can be done on fully hard- 
ened tool steels when required. Two-lip 
mills are used for roughing and three-lip 
end mills for finishing. The mills are 
carbide tipped and have a back taper. 
Rake varies from ( on the 0.250-in. size 
up to a negative rake of 5° on the 1-in. 
size. Cutting edge relief is 0.0005 in. in 
se in. from the cutting edge with a 14° 
secondary clearance. The cutter is run at 
a peripheral speed of 210 fpm with feeds 
ranging from 0.015 to 0.030 ipr. Depth 
of cut is about 0.030 in. Milling hard- 


table 114... 


Cutter Hardness Face 
Material Mills 


Helical Side End 
Mills Mills Mills 


ened tool steel is not normally resorted 
to, but it is useful for repair and for the 
production of some complex dies. 
Carbide milling is generally done with- 
out a coolant. For other milling opera- 
tions, a soluble oil mixed with 10 to 15 
parts water is usually suitable for milling 


table 112 . . RAKE ANGLES FOR FACE 
MILLING TOOL STEEL 


Radial Rake, Axial Rake, 
Cutter Material deg deg 





High-Speed Steel 10 10 
Cast Alloy 0to3 0to3 
Carbide 0 to —10 0 to —10 





table 113 . . SPEEDS FOR MILLING 
TOOL STEEL 
High-Speed Steel Carbide 


Cutters, Cutters, 
sfpm sfpm 





250-300 
200-250 


Annealed 50-90 
Heat Treated 40-70 





FEED PER TOOTH FOR MILLING 


Form 
Relieved Circular 
Cutters Sows 





SPEED 
STEEL 


220-300 Bhn 
300-400 Bhn 
j 180-220 Bhn 
4 220-300 Bhn 
\ 300-400 Bhn 


HIGH- 180-220 Bhn 


> 
CARBIDE 


0.007 0.005 0.004 0.003 
0.005 0.004 0.003 0.002 
0.003 0.003 0.002 0.002 
0.011 0.008 0.007 0.004 
0.010 0.007 0.006 0.004 
0.008 0.006 0.005 0.003 
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carbon and low-alloy steels. For the high- 
speed and high-carbon high-chromium 
steels, straight mineral oil, a sulfurized 
mineral oil, or mineral lard oil is pref- 
erable. 

Drilling. . For steels with hardness up to 
350 Brinell, high-speed drills are satis- 
factory. Harder steels require cobalt 
high-speed or carbide drills. Twist drills 
should have a heavy web structure, but 
this should be thinned to about 50% of 
the original thickness at the point. Drill 
angles, speeds, and feeds for twist drills 
of high-speed or cobalt high-speed steel 
are given in Table 115. A soluble oil. 
lard, or sulfurized cutting oil is used. 

Ever the hardest die steels can be 
drilled with carbide. The simplest drills 
are a flat piece of carbide brazed into a 
slot in the shank. The drills are hand fed 
and care is required not to break them. 

A recently developed carbide drill for 
hardened steel is shown in a drawing 
with speed in accompanying Table 116. 
This drill is employed for steels between 
45 and 65 R, For case-hardened mate- 
rial, it should only be used to drill 
through the hard case. Hand feed is pre- 
ferred. Power feed is possible, and should 
be 0.002 to 0.003 ipr, except that on the 
break-through hand feed must be used. 
Frequent sharpening is necessary when 
drilling the hardest steels. Need for 
sharpening is indicated when the feeding 
pressure must be increased. A coolant 
is desirable, which may be air, a dilute 
proportion of soluble oil and water or 
sal soda and water. 

Drilled holes in dies have a tendency 

to “shrink” during heat treatment in 
some of the tool steels and may require 
opening up. This can be done with the 
flat carbide drill described above. There 
it less danger of runout with a drill made 
(as shown in the sketch) by grinding four 
flats on one end of a round piece of car- 
bide of the size desired for the hole. The 
angle of these flats is not critical but 
must be identical in each case and they 
must form a pyramid exactly centered on 
the carbide. 
Reaming. . Conventional expansion ream- 
ers are satisfactory and permit ease of 
setup on all of the tool steels in the an- 
nealed condition. Standard solid reamers 
of high-speed steel are satisfactory on the 
low-carbon low-alloy steels. Reamers are 
typically run at a surface speed of 30 to 
40 sfpm with a light sulfur-base cutting 
oil which must be generously applied. 

For taper holes, roughing reamers may 
have a 15° right-hand spiral but finishing 
reamers should have a 28° left-hand 
spiral. 

Carbide-tipped reamers are required 
for hardened tool steels and may be de- 
sirable in any case when machine ream- 
ing is to be employed. Power feeding is 
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desirable, and should be 0.002 to 0.004 
ipr for hardened tool steels. Roughing 
reamers have straight flutes and finishing 
reamers a 5 to 8° spiral. Both have a 7 
to 10° rake angle and a cylindrical land 
0.002 to 0.005 in. wide. Finishing ream- 
ers should have a 2° lead angle for %e. 
in. behind the 45° chamfer. 

In hardened tool steel, carbide ream- 
ers should be run at 25 to 35 sfpm in 
sizes up to % in., 35 to 45 sfpm in sizes 
up to % in., and 45 to 55 sfpm on larger 
sizes. The amount of stock left to be re- 
moved by the reamer is critical: 





Diometer, in. Stock removal, in. 
0.003 to 0.005 
0.005 to 0.008 
0.008 to 0.012 
0.012 to 0.015 
1 0.015.to 0.020 





A heavy flow of soluble oil and water 

may be satisfactory. Better finish will be 
obtained with a light cutting oil but 
strong sulfurized oils should be avoided. 
If chatter develops, increase the feed or 
decrease the speed. If necessary add a 
bushing 0.0002 to 0.0003 in. larger than 
the reamer diameter. 
Tapping and Threading. Taps should be 
of high-speed steel with ground threads. 
Holes should be tapped with as low a 
percentage of thread as the application 
will permit. The general standard for 
tapped holes is 70 to 75%. This can 
sometimes be reduced as much as 50% 
with consequent savings in material to be 
removed by the tap and a reduction ip 
tapping difficulties. Fine-pitch threads are 
easier to tap than the coarse pitches. 

Tapping speeds for the annealed car- 
bon and low-alloy tool steels are about 
30 to 35 sfpm, and for the high-speed 
and high-carbon high-chromium steels 
are about 25 sfpm. These speeds must be 
reduced, perhaps as much as 50% when 
tapping hardened tool steels. 

It is often desirable, especially with 
coarse pitches, to rough and firish tap 
perhaps with two roughing operations. 
Sufficient material must be left for the 
finishing tap to take an actual cut. For 
holes 3 in. or less, his should be 0.010 
in.; and for larger holes, 0.015 in. 

Generous quantities of cutting oil 
must be applied. Sulfurized mineral oils 
or a mixture of two parts white lead and 
one part lard oil are suitable. 

For thread milling with form-relieved 
cutters, the teeth should have 5 to 7° 
rake. Cutter speed is generally 80 to 110 
sfpm with a feed of 0.004 to 0.006 ipm 
for average requirements and 0.002 to 
0.003 when a fine finish is required. 

For threading, milled chasers usually 
have a 5 to 7° rake angle and hobbed 
chasers a 7 to 10° rake angle. Cutting 
speeds will vary with the machine and 


finish required as well as the particular 
tool steel being threaded. They range 
generally from 10 to 25 sfpm. 
Bandsawing. . Contour sawing is fre- 
quently employed in the production of 
dies and provides an economical means 
of producing them where it can be ap- 
plied. Die steels must be sawed in the 
annealed condition. Saws have raker set 
(one tooth to the left, one tooth to the 
right, one straight tooth). Typical saw 
pitch, speeds, and feeds are indicated in 
Table 117. Width of the saw blade will 
depend on the minimum radius to be cut. 
The saw will not cut if the speed is too 
fast or slow. The operator can tell by the 
feel of the work when a speed change is 
necessary. 

To cut a punch and die from a single 
piece of steel, a patented process is to 
drill at an angle from the punch area at 
the top into the die area at the bottom. 
The saw table is tilted (but a lesser 
amount) and the blade run through the 
hole in the steel and welded. With the cut 
made at an angle, extra material is left 
on the die at the top and on the punch at 
the bottom. These are filed to form the 
necessary straight sides. 

Friction sawing may be applied to 
hardened tool steels that do not have too 
much red hardness. The saw is run at 
very high speeds, generally about 15,000 
fpm. Momentary contact of the saw pro- 
duces enough heat to soften the work, 
but the saw teeth have time to cool be- 
fore returning to the cut. Dull teeth cut 
better than sharp ones because they have 
more friction with the work. 

Thickness up to % in. and more can 
be cut without difficulty. Thicker mate- 
rial can be cut when necessary by rocking 
the work up and down to present a point 
to the work, concentrating the heat in a 
small section of the cut. 

Machine filing. . Speeds for machine fil- 
ing are about 100 fpm for high-speed 
and the high-carbon high-chromium 
steels. They range up to about 150 fpm 
for annealed carbon and low alloy steels. 
Pressure required will range from 20 to 
40 Ih depending on the nature of the 
work, but should be uniform. Bastard-cut 
files are used for all filing except finish 
filing which will require a mill cut. 

Grinding. . The most frequently encoun- 
tered operation on tool and die steels is 
grinding. The work must usually be 
ground after heat treating to bring it to 
final size or produce a desired finish, and 
sharpening or repair is done by grinding. 

The high-carbon high-chromium and 
high-speed steels are the most difficult to 
grind. Grinding produces intense local 
heat developing severe momentary 
strains. If too heavy a cut is taken, small 
cracks or grinding checks will form on 
the surface. Usually this condition will be 
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accompanied by temper colors on the 
surface. So long as this color does not ap- 
pear there is not likely to be any danger 
With the carbon and low-alloy steels, 
very little heating is required to draw the 
temper out of the steels. Wheels, in gen- 
eral, have coarse or medium grain size 
and are soft or medium grade. Mounted 
wheels and points for portable grinding 
must be of harder grade. The cut should 
be light in all grinding operations. 

Wheels are made of aluminum oxide 
abrasive with vitrified bond except in a 
few cases. Wheel recommendations are 
given in Table 118. An exception to 
these recommendations should be noted: 
For light finishing cuts on the tungsten 
18-4-2 and the cobalt-bearing high-speed 
steels, silicon-carbide wheels are some- 
times employed. They range from 60 to 
120 grain in the soft and medium grades. 

Surface grinding. . The abrasive must 
be sharp and free cutting, in the soft 
range of grade, and the wheel must have 
an open structure to avoid overheating. 
Softer grade wheels are required for the 
more wear-resistant steels. 

When surface grinding with the periph- 
ery of straight or recessed wheels, wheel 
speed should be about 5000 sfpm, verti- 
cal speed should be 0.0005 to 0.0010 in 
per pass, table speed 20 to 30 fpm, and 
cross speed about 4%. in per pass. Dry 
grinding will generally produce less burn- 
ing and discoloration than wet grinding. 
If wet grinding is necessary, the coolant 
supply must be in a generous, constant 
stream to prevent localized heating. 

On hard steels a soft wheel, high 
speed, and light in-feed are likely to re- 
sult in a burnished surface and excessive 
wheel wear with little stock removal. Try 
more moderate wheel speed in such cases. 

Cylindrical grinding. Cylindrical 
grinding of dies is confined largely to 
straight and tapered punches. It may be 
done wet or dry on a universal tool and 
cutter grinder or a small cylindrital 
grinder. With wet grinding, be sure to 
supply a generous supply of coolant. 

Internal grinding. . Internul grinding 
is employed on blanking and forming 
dies where accurate surfaces are required. 
Toolpost grinders or internal grinding at- 
tachments mounted on lathes are com- 
monly used for internal work on large 
and heavy dies. The grinding wheels 
must be of grade hard enough to retain 
its shape. 

Offhand grinding. . Most of the grind- 
ing on die impressions is done with 
mounted wheels and points driven by 
flexible shafts on portable grinders. The 
wheel specification will depend primarily 
upon the size and shape required for the 
particular job. They must be hard 
enough to retain their shape. Grain size 
depends primarily on finish required. 


table 115 . . TWIST DRILLS FOR TOOL STEELS 


Peripheral 
Hardness, Speed 
Brinell sfpm 


% % 


Feed for Drill Diameters, ipr 


Point 


Lip 


Chisel 


Angle, Cleorance, Point, 
deg deg deg 


Helix 
Angle, 





149 
196 
241 
302 
351 
402 


0.010 
0.0075 
0.0075 


— 
-004 
0.004 


118 
118 
125 
125 
150 
150 


12-15 
12-15 
10-12 
10-12 
7-10 
7-10 


125-135 
125-135 
125-135 
125-135 
125-135 
125-135 
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Drill for hardened tool steel is ground from 
solid piece of carbide. Angle A is 10° for 
drills 1/4 in. and smaller and 20° for drills 
5/16 in. and larger. Speeds are shown in 
table at right. 








table 117 
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table 116 . . CARBIDE DRILLS FOR 
HARDENED TOOL STEEL 


Drill Ramme, 
in. 


Drill Speed, 
rpm 





1800-2000 
1600-1800 
1200-1600 
1000-1200 
800-1100 
600-800 





Sow Teeth 
Pitch 


Set 


. . TYPICAL BANDSAWING SPEEDS AND FEEDS 


Saw Velocity, 
fpm 


Feed, 
ipm 





HIGH-SPEED STEEL 


HIGH CARBON- 
HIGH CHROMIUM 


OTHER TOOL STEELS 


Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 
Raker 


150 
125 
75 
50 


100 
75 
50 


125 
100 
60 





table 118 . 


Grain 
Size 


Abrasive 


Operation Type 


Grade 


Structure 


Bond 


. TYPICAL GRINDING WHEELS, DISKS, AND POINTS 
FOR TOOL AND DIE STEELS 





SURFACING—HARDENED 
Wheels, straight or 
recessed (Dry) 
(Wet) 
Cup wheels (Wet) 


alum. 
alum. 


Disks alum. 


Segments alum. 


SURFACING—ANNEALED 
Wheels, straight or 
recessed (Dry) 
Cup wheels 
Disks 
Segments 
CENTERLESS 
CYLINDRICAL 
INTERNAL 
CUTOFF 


alum. 
alum. 
alum. 
alum. 
alum. 
alum. 
alum. 
alum. 
alum. 


(Dry) 
(Wet) 


PORTABLE TOOLS 
Mounted points: 
Coarse 
Mediuin 
Fine 
Wheels, straight or 
recessed (for roughing) 


alum. 
alum. 
alum. 
alum. 
\alum. 


x 
ad 
° 


= 
UWA nD © We w 


o 


Vitrified 
Vitrified 
Vitrified 
Vitrified 
Resinoid 


4500-6000 
4500-6000 
4500-6000 
4500-6000 
5500-6500 
5500-6500 
5000-6000 
9000-12000 
9000-12000 
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How to work STEEL . . . tool and die 


DIRECTORY OF TOOL AND DIE STEELS 


A classified list of more than 900 tool and die steels based on 
SAE classification methods with names of suppliers, composi- 


tion, typical properties, applications, and basic heat-treat data 


Designed to aid in the selection of tool and die steels, 
this list supplements the basic information in the preceding 
section. The AISI-SAE classification method is applied, sup- 
plemented by ASM classifications in the same pattern and 
the Gorham Tool Co numbers for high-speed steels. Similar 
designations have been applied to all other groups, followed 
by the suffix A to avoid confusion with future standards. 
Each group includes a brief description of properties and 
applications. The applications are not intended as a complete 
list nor to indicate that the steels referred to are the best 


WATER-HARDENING TOOL STEELS 


W1... CARBON, see facing page 


W2 ... CARBON-VANADIUM 


SAE specifications on page 138. 

Vanadium provides a finer grain, giving better toughness than the 
plain carbon steels. These steels have a wider hardening range than 
plain carbon steels. 


Allegheny Ludlum . . . Python—.25V 

Amalgamated . . . Car-Van Special, Car-Van—.20V 

Atlas . . . Special Alloy 10, Special Alloy 8—.20V 

Bethlehem . . . Best. Superior—.20V 

Braeburn . . . Special—.20V 

Carpenter ... No. 11 Special Vanadium, No. 11 Extra Vanadium. 
Nitro 

Columbia . . . Vanadium Special, Vanadium Extra, Vanadium 
Standard—.20V 

Craine-Schrage . . . Crasco Special Vanadium—.20V 

Crucible .. . Alva Extra, Granada Vanadium—.20V 

Darwin & Milner . . . Darwin CV—.20V 

Disston . . . Vatool—.25V 

Firth Sterling . . . Sterling V—.20V 

Hawkridge ... Hawk Vanadium—.20V 

Houghton & Richards . . . Vanadium—.18V 

Jessop . . . Washington Special—.20V 

Latrobe . . . Special Carbon with V, Carbon Cold Header with V. 
Renown, Standard Carbon with V—.20V 

McDonald . . . Macco B-29—.20V 

Mclinnes .. . Vanadium Crucible—.20V 

Milne .. . Special Vanadium—.20V 

Peninsular .. . Blue Label—.20V 

Republic . . . Dumost—.30V 

Ryerson .. . VD—.18V 

Simonds . . . Blue Label V 

Uddeholm . . . UHB-VA—.20V, UHB-19VA Cold Header—.15V 

Universal-Cyclops . . . Draco—.20V 

Vanadium-Alloys . . . Colonial No. 7, Elvandie, Red Star Vanadi- 
um—.20V 

Vulcan Crucible . . . Special Vanadium, Vanadium Striking Die 
—.30V 


W3 ... CARBON-VANADIUM 
SAE specifications on page 138. 


Higher vanadium content than the V group provides appreciably 
better toughness. 
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for those purposes. Temperature data for forging and heat 
treating are included for groups not covered in the preceding 
section. These indicate the general range and hence the 
equipment required, but will not apply exactly to every 
steel in the group. 

Specialties such as drill rod, ground flat stock, and forg- 
ing die blocks are not included. The companies listed have 
cooperated by supplying the data on their steels. Their names 
and addresses appear in full on the last page of the report. 
in abbreviated form throughout the directory. 


Allegheny Ludium . . . Double Vanadium—1.00 C, .45 V 
Universal-Cyclops . . . Draco DV—as desired C, .45 V 
Vanadium-Alloys . . . Colhead—1.00 C, .45 V 


w4.. . CARBON-CHROMIUM 


ASM Composition: 0.60-1.40 C, .25 Cr 

Chromium content increases the depth of hardness and reduces the 
danger of soft spots. A number of the steels are available in several 
carbon ranges. 


Firth Sterling . . . Diamond M 
1.30 C, .28 Mn, .20 Si, .28 Cr 


WS ... CARBON-CHROMIUM 


ASM Composition: 0.60-1.40 C, .50 Cr 
Higher chromium content than W4 for increased depth of hardness 


Allegheny Ludlum . . . Crow 
1.20 C, .50 Cr 
Atlas...Q 
1.20 C, .50 Cr 
Colombia . . . Waterdie Extra 
1.00 C, .50 Cr 
Columbia . . . Waterdie Standard 
1.00 C, .50 Cr 
Disston . . . 844-A 
1.00 C, .32 Mn, 1.12 Cr 
Disston . . . 844-B 
85 C, .32 Mn, .72 Cr 
Kloster . . . Pure-Ore No. 14 
1.00 C, .50 Cr 
Latrobe ... CFS 
1.00 C, .50 Cr 
Republic . . . C-C 
1.10 C, .60 Cr 
Vulcan Crucible . .. KR 
1.10 C, .30 Mn, .60 Cr 


W7 .. . CARBON-CHROME-VANADIUM 

ASM Composition: .60-1.40 C, .50 Cr, .20 V 

Addition of vanadium to WS5 provides more toughness because of 
the finer grain structure. 


e 
Bethichem . . . Piston 
1.15 C, .55 Cr, .20 V 
Boyd-Wagner ... Very Best 
1.05 C, .30 Mn, .20 Si, .50 Cr, .10 V 
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W1... CARBON 
SAE specifications on page 138 and below. 


Plain carbon tool steel is made in four grades of quality:* Special, 
Extra, Standard, and Commercial. Special and Extra conform to 
rigid macroscopic, microscopic, or hardenability specifications, 
Special being the highest quality. They are suitable for tools and 


. 


dies requiring steel of uniform high quality. Standard and Com- 
mercial grades are not always made in electric furnaces and meet 
less rigid processing requirements. They are suitable for many 
general-purpose applications or for short-run jobs. Steels are listed 
below according to grade, with most of them available in any 
desired carbon content. .95 to 1.10 is usually the standard carbon 


range. 


COMPANY 


GRADE 1 
SPECIAL 


GRADE 2 
EXTRA 


GRADE 3 
STANDARD 


COMMERCIAL 





Allegheny Ludlum 
Amalgamated 
Atlantic 

Atlas 
Bethlehem 
Boyd-Wagner 
Braeburn 
Carpenter 
Columbia 
Craine-Schrage 
Crucible 


Darwin & Milner 
Delaware 

Diehl 

Disston 

Faitoute 

Firth Sterling 

Great Western 
Hawkridge 

Houghton & Richards 


Hoyland 
Jessop 


Kloster 

Latrobe 
McDonald 
McInnes 

Milne 

Peninsular 
Republic 
Simonds 
Tennessee 
Uddeholm 
Universal-Cyclops 
Vanadium-Alloys 
Vulcan Crucible 


Pompton Special 
Creston No. 8 
Atsco Special 
XX-95, X-12, X-10 
XXX 

Best 

Coldie> 

No. 11 Special 
Special 


Crescent Special 
Le Belle Cold Striking Diet 


Grade “A” 

Best 

Special 

Special ASV, FS Special 
Special, Cold Header> 
Hawk Special 

Special Carbon 

Special Heading Die» 
Special, Cold Header» 
Washington 

New Process Cold Header> 
Pure-Ore Special 

Special, Carbon Cold Header* 
Macco Special 

Special 

Orange Labe! 


Special 

Blue Label 

Special 

Special 

Colonia) No. 14 
Special, Striking Dies 


Pompton Extra 
Creston No. 7 

Atsco Extra 

Refined 8, Refined 10 
xx 


Extra 

No. 11 Extra, H-9 Extra 
Extra 

Crasco Green Label! 
Sanderson Extra 

La Belle Extra 

SSC Brand 

Extra 


Extra 

Extra 

FS Extra 
Extra 

Hawk Brand 
Carbon 


SS Extra 
Lion Extra 


Pure-Ore Extra 
Extra 


Superior 

Red Label 
Penco—W. H 
Extra 
Diamond S 


UHB Extra 
Extra 
Extra L 
Extra 


Pompton 
Creston No. 6 
Atsco 
Alpha-8 

XCL 
Standard 
Standard 

No. 11 Comet 
Standard 


Black Diamond 


Standard 
Standard 


Standard 
Carbon 
Sterling 
Regular 
Standard 


Regular 


Lion 


Pure-Ore Standard 


Standard 


Misco A 
White Label 


Standard 
Green Label 


UHB 

Standard 
Red Star 
Fort Pitt 


Corinth 
Cresten No. 5 
Standard 
Maple Leaf 
x 


No. 11 Titan 
Electrex 


Granade 


Duplex 
Silver Star 


Misco B 


Green Labe! 


Tool Grade 





* Carbon Tool Steels are normally supplied in four grades of quality 
which are Special, Extra, Standard and Commercial. On Special and Extra 
grades limits on manganese. silicon and chromium are not generally required 
in lieu of the following Shepherd hardenability limits: 


.10-.85 C and .85-.95 C -95-1.10 C and 1.10-1.30 C 








Pene- Fracture Pene- Fracture 
tration Grain Size tration Grain Size 
10 max. 8 min. Shallow 8 mex. 9 min. 
9 to 13 8 min. Regular 7 to 11 9 min. 
12 min 8 min. Deep 10 to 16 8 min. 


On Standard and Commercial grades, the following limits on composition 
are generally required: 
Ma Si Cr 


Standard .35 max. .35 max. 
Commercial .35 max. .35 max. 





Total of manganese, silicon and chromium not to exceed .75 per cent. 
» Specially selected heats or sections of the billet for cold-heating dies 
© Special control of hardenability 





Peninsular . . . Black Label 
1.10 C, .55 Cr, .20 V 

Universal-Cyclops . . . Hercules 
1.00 C, .50 Cr, .20 V 


W8A .. . CARBON-MOLYBDENUM 


Molybdenum content provides deeper hardening, increased tough- 
ness, and red hardness. 
Delaware .. . Molel 
-75 C, .35 Mn, .20 Si, .10 Mo 
Ryerson . . . VD Chisel 
-77 C, .30 Mn, .23 Si, .18 Mo 
Vanadium-Alloys . . . Croman 
1.20 C, .80 Mn, .50 Cr, .60 Mo 


W9A ... ALUMINUM GRAPHITE 


A shallow hardening steel for applications requiring toughness. A 
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graphite steel, it is free machining. Suitable for drawing dies, 
mandrels, and rolls. 
Timken . . . Graph-Al 

1.50 C, .30 Mn, .20 Si, .15 Al 


SHOCK-RESISTING TOOL STEELS 


$1... CHROMIUM-TUNGSTEN 
SAE Composition: .50 C, .25 Mn, .35 Si, 1.40 Cr, .20 V, 2.25 W, 
.40 Mo opt 
Excellent shock resistance for both hot and cold operation. Though 
red hardness is not as good as in the H steels, it is better than other 
S steels. Suitable for punches, chisels, pneumatic tools, and bolt- 
header dies. 
Allegheny Ludlum . . . Seminole Hard 

.52 C, .25 Mn, .70 Si, 1.50 Cr, .25 V, 2.00 W 
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Allegheny Ludlum . . . Seminole Medium 

42 C, .25 Mn, .30 Si, 1.50 Cr, .25 V, 2.00 W 
Amalgamated . . . Super-Shock 

.50 C, .75 Si, 1.15 Cr, .20 V, 2.50 W 
Atlantic . . . Tuncro 

50 C, .25 Mn, .25 Si, 1.40 Cr, .25 V, 2.00 W 
Atlas ... Falcon 4 

45 C, .25 Mn, .30 Si, 1.50 Cr, .25 V, 2.00 W 
Atlas . . . Falcon 6 

55 C, .25 Mn, .30 Si, 1.50 Cr, .25 V, 2.00 W 
Bethichem . . . 67 Chisel 

-50 C, .75 Si, 1.15 Cr, .20 V, 2.50 W 
Braeburn . . . Vibro 

50 C, .25 Mn, .25 Si, 1.40 Cr, .25 V, 1.90 W 

ete r 

.50 C or .60 C, .30 Mn, .70 Si, 1.20 Cr, .25 V, 2.15 W 
Crucible ... Atha Pneu 

.50 C, 1.25 Cr, .20 V, 2.75 W 
Darwin & Milner . . . Ideor 

.50 C, .25 Mn, .30 Si, 1.50 Cr, .25 V, 2.00 W 
Disston . . . Keystone 

50 C, .30 Mn, .20 Si, 1.10 Cr, .20 V, 2.00 W 
Firth Sterling . . . JS Punch 

.50 C, .30 Mn, 1.40 Cr, .25 V, 2.25 W 
Houghton & Richards . . . No. 225 

.50 C, .25 Mn, 1.50 Cr, .25 V, 2.50 W, .50 max Mo 
Jessop . . . Top Notch 

50 C, .30 Mn, .70 Si, 1.15 Cr, .20 V, 2.40 W 
Kloster . . . Chiz Alloy, Super Alloy 

.50 C, .35 Mn, .95 Si, 1.25 Cr, .22 V, 2.37 W 
Latrobe .. . XL Chisel 

55 C, .25 Mn, .25 Si, 1.50 Cr, .20 V, 2.00 W 
McDonald . . . Macco Foolproof 

.55 C, .25 Mn, .25 Si, 1.40 Cr, .30 V, 2.40 W 

McInnes . . . Special Punch and Chisel 

50 C, .25 Mn, .70 Si, 1.50 Cr, .25 V, 2.15 W 
Milne ... A 020 

.50 C, 1.50 Cr, .25 V, 2.25 W 
Peninsular . . . Brown Label 

50 C, .20 Mn, .75 Si, 1.20 Cr, .20 V, 
Republic ... C-V 

50 C, 1.20 Cr, .25 V, 2.20 W 
Simonds . . . Commando 47 

AT C, .25 Mn, .80 Si, 1.40 Cr, .25 V, 2.00 W, .25 Mo 
Uddeholm . . . UHB 711 

.50 C, .20 Mn, .75 Si, 1.15 Cr, .20 V, 2.50 W 
Universal-Cyclops . .. Alco M 

.45 C, .30 Mn, .25 Si, 1.50 Cr, .25 V, 2.25 W, .50 Mo 
Vanadium Alloys ... Par Exc 

.53 C, .20 Mn, .25 Si, 1.60 Cr, .25 V, 2.00 W 
Vulcan Crucible ... QA 

45 C, 1.20 Cr, .25 V, 2.20 W 


$2... SILICON-MOLY 
SAE Composition: .50 C, .40 Mn, 1.00 Si, .25 V opt, .50 Mo 
This steel has the highest toughness of any tool steel. Red hardness 
is not as good as Sl. Other characteristics are about the same as 
S1. Suitable for punches, hammer dies, and swaging dies. 
Braeburn . . . Triton 
50 C, .35 Mn, 1.00 Si, .60 Mo 
Carpenter . . . Solar 
50 C, .40 Mn, 1.00 Si, .50 Mo 
Delaware . . . Delsteel 
.50 C, .75 Mn, 2.00 Si, .20 V, .20 Mo 
Houghton & Richards . . . Silico 
.50 C, .45 Mn, 1.10 Si, .20 V, .50 Mo 
Jessop . . . RTS 
55 C, .50 Mn, .80 Si, .45 Mo 
Latrobe . . . Trident 
55 C, .30 Mn, .70 Si, .60 Cr, .20 V, .40 Mo 
Peninsular . . . Penco No. 71 
.50 C, .40 Mn, 1.05 Si, .20 V, .45 Mo 
Simonds . . . Havoc 
.50 C, .40 Mn, 1.00 Si, .20 V, .50 Mo 
Universal-Cyclops . . . Venango 
.50 C, .45 Mn, 1.10 Si, .20 V, .50 Mo 
Universal-Cyclops . . . Venango Special 
.68 C, .55 Mn, 1.10 Si, .20 V, .55 Mo 


$3... LOW CHROMIUM-TUNGSTEN 
ASM Composition: .50 C, .75 Cr, 1.00 W 
Toughness is combined with fair cutting ability. Suitable for chisels, 
rivet sets, punches, screwdrivers, and shear blades. Forging tem- 
perature 1900 to 2100 F, annealing 1450 F, hardening 1500 to 1550 
F, tempering 400 to 600 F. 
Darwin & Milner . . . W-Brand 

.45 C, .35 Mn, .30 Si, .80 Cr, .85 W 
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Great Western . . . 422-Mirycal 
.50 C, .25 Mn, .20 Si, .95 Cr, 1.00 W, .20 Mo 
Hoyland . . . 422 
.50 C, .25 Mn, .20 Si, .95 Cr, 1.00 W, .20 Mo 
Tungsten 


.50 C, .35 Mn, 1.00 Cr, 1.00 W 
Vulcan Crucible ... Blue Edge 
.50 C, 1.00 Cr, 1.00 W 


$4... SILICON-MANGANESE 
ASM Composition: .55 C, .80 Mn, 2.00 Si, .30 Cr opt, .25 V opt, 
.30 Mo opt (see also S5) 
This is the basic silicon-manganese steel. Good toughness, suitable 
for shear blades, chisels, punches, and pneumatic tools. Note: S4 
and S5 are similar. SAE does not at present list a composition for 
S4. For this list, steels with less than .30 Mo are S4, .30 Mo and 
higher are SS. 
.60 C, .80 Mn, 2.00 Si, .25 Cr, .20 V, .25 Mo 
Atlantic . . . Atsil 
.50 C, .60 Mn, 1.30 Si, .50 W, .30 Mo 
Atlas . . . Monark 2 
.60 C, .75 Mn, 2.00 Si, .30 Cr, .20 Mo 
Bethlehem . . . 71 Alloy 
.60 C, .90 Mn, 2.00 Si 
Braeburn . . . Alloy No. 10 
.55 C, .80 Mn, 2.00 Si 
Crucible . . . La Belle 2-70 
.60 C, .75 Mn, 1.90 Si, .25 Cr 
Delaware . . . Silicon- 
.50 C, .80 Mn, 2.10 Si 
Houghton & Richards . . . No. 8 
.55 C, .85 Mn, 2.10 Si, .25 Cr, .25 V 
Houghton & Richards . . . No. 8M 
.55 C, .75 Mn, 2.00 Si, .20 Mo 
McDonald . . . Macco Silicon Manganese 
.63 C, .78 Mn, 2.00 Si 
Republic . . . Special Punch 
55 C, .85 Mn, 2.00 Si, .25 Cr, .30 V 
Universal-Cyclops . . . No. 67 
55 C, .85 Mn, 2.00 Si, .20 Mo 
Vanadium-Alloys . . . Silman 
.55 C, .85 Mn, 2.00 Si, .25 Cr, .20 V 
Vulcan Crucible . . . 4870 
.55 C, .85 Mn, 2.00 Si, .25 Cr, .20 V 


$5 ... HIGH SILICON MANGANESE 
SAE Composition: .55 C, .80 Mn, 2.00 Si, .30 Cr opt, .25 V opt, 
.40 Mo opt (see also S4) 
Toughness almost as good as S2 and better red hardness than S4 
because of the molybdenum content. Suitable for chisels, heavy- 
duty punches, rivet busters, drift pins, spring collets, and nail sets. 
Allegheny Ludlum . . . 602 
.50 C, .70 Mn, 1.70 Si, .12 V, .40 Mo 
Amalgamated . . . Duro-Chip 
.60 C, .70 Mn, 1.85 Si, .25 V, .50 Mo 
Bethlehem . . . Omega 
.60 C, .70 Mn, 1.85 Si, .25 V, .50 Mo 
Carpenter . . . No. 481 
.60 C, .80 Mn, 1.90 Si, .30 Cr, .30 Mo 
Columbia . . . CEC Impact 
.55 C, .80 Mn, 2.00 Si, .30 Cr, .25 V 
Crucible . . . La Belle Silicon No. 2 
.60 C, .75 Mn, 1.90 Si, .25 Cr, .30 Mo 
Darwin & Milner . . . Extra Tough 
.60 C, .75 Mn, 1.90 Si, .25 Cr, .30 Mo 
Delaware .. . Special Alloy 
.50 C, .80 Mn, 2.00 Si, .35 V, .40 Mo 
Disston ... D 29 
.55 C, .80 Mn, 1.90 Si, .10 V, .50 Mo 
Faitoute . . . Omega 
.60 C, .70 Mn, 1.85 Si, .20 V, .45 Mo 
Firth Sterling . . . Chimo 
.55 C, .80 Mn, 2.00 Si, .18 V, .50 Mo 
Great Western . . . 280-Tufkut 
.50 C, .70 Mn, 1.50 Si, .35 Mo 
Houghton & Richards . . . Silco 
.55 C, .70 Mn, 2.15 Si, .20 V, .45 Mo 
Hoyland . . . 280 
.50 C, .70 Mn, 1.50 Si, .35 Mo 
Jessop . . . Magic 
.52 C, .90 Mn, 2.00 Si, 1.00 Mo 
Kloster . . . Pure-Oil V-76 
.55 C, .75 Mn, 1.90 Si, .25 V, .50 Mo 
Milne . . . MSM 
.55 C, .80 Mn, 1.90 Si, .25 V, .50 Mo 
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Peninsular . . . Silver Label 
.57 C, .75 Mn, 1.85 Si, .20 V, .45 Mo 
-- - UBB Resisto 
60 C, .70 Mn, 1.85 Si, .25 V, .50 Mo 
Vanadium-Alloys . . . Mosil 
-55 C, .90 Mn, 2.00 Si, .30 Cr, .30 Mo 


S6A ...NON TEMPERING 
A general-purpose tool steel for shock resistance where accurate 
temperature control is not available. Can be hardened over a wide 
range with satisfactory results. No tempering required. Forging 
temperature 2100 to 2150 F, annealing 1400 F, hardening 1500 to 
1800 F. 
Amalgamated . . . Malga Non-Tempering Special 

.35 C, .75 Mn, .35 Si, .80 Cr, .25 W, .50 Mo 
Atlantic . . . 33 

.33 C, .40 Mn, .65 Si, .75 Cr, .75 Mo, .75 Cu 
Bethlehem . . . Non-Tempering 

.35 C, .70 Mn, .45 Si, .80 Cr, .30 Mo, .30 Cu 
Houghton & Richards . . . Non Tempering 

.35 C, .70 Mn, .45 Si, .80 Cr, .25 Mo, .25 Cu 
Milne . . . FPC 

.35 C, .70 Mn, .80 Cr, .45 Mo 
Peninsular . . . Penco-Non-Tempering 

.35 C, .70 Mn, .45 Si, .80 Cr, .30 Mo, .30 Cu 
Ryerson . . . Non Tempering 

.38 C, .75 Mn, .80 Cr, .25 Mo 


S8A ... CHROME-MOLYBDENUM 
Better shock resistance than carbon steel with good cutting ability. 
Developed for cutting dies for leather, rubber, paper, and fabrics. 
Also suitable for wood working tools, hand chisels, and boring bars. 
Forging temperature 1750 to 1950 F, annealing 1425 F, hardening 
1550 to 1600 F, tempering 400 to 900 F. 
Allegheny Ladium . . . Atlas 93 

.55 C, .55 Mn, .20 Si, .65 Cr, .35 Mo 
Darwin & Milner . . . DSS 

52 C, .60 Mn, .25 Si, .75 Cr, .35 Mo 


S9A ... CHROME-NICKEL 
Shock resistance for hubs, forming rolls, short run and experi- 
mental dies, cold forming and bending dies. 
Boyd-Wagner . . . Formaloy 

.75 C, .30 Mn, .25 Si, 1.00 Cr, .20 Mo, 1.75 Ni 
Jessop ... ET No. 4 

.70 C, .65 Mn, .20 Si, .55 Cr, .25 Mo, 1.30 Ni 
Latrobe ... NDS 

.75 C, 1.00 Cr, 1.70 Ni 
Universal-Cyclops .. . N9 

.15 C, .45 Mn, 1.00 Cr, 1.50 Ni 


SIOA... NICKEL 
Non-deforming properties and wear resistance are combined with 
shock resistance. Suitable for intricate hobs, forming dies, and 
punches. Forging 1875 to 1975 F, annealing 1550 F, hardening 
1600 F, tempering 375 or 850 F. 
Darwin & Milner . . . Firex Special 

.50 C, .65 Mn, .30 Si, .85 Cr, .20 V, .60 Mo, 4.00 Ni 
Great Western . . . L-97 

55 C, 1.00 Cr, .35 Mo, 3.00 Ni 
Hoyland . . . L-97 

55 C, 1.00 Cr, .35 Mo, 3.00 Ni 
Latrobe . . . Staminal 

.55 C, 1.00 Mn, 1.00 Si, .40 Cr, .40 Mo, 2.70 Ni 


SI11A ... CHROME-MANGANESE 
Toughness combined with ease of heat treatment and raachining. 
Suitable for hard chisels and battering tools. Forging teinperature 
1850 to 1950 F, hardening 1650 F (oil quench) or 1850 F (water 
quench), tempering 300 to 500 F. 
Amalgamated . . . Rexor 

.35 C, .70 Mn, .15 Si, .60 Cr, .35 Mo, .20 Ni 


S12A ... CHROME-MANGANESE-TUNGSTEN 
Toughness combined with moderate wear resistance. Suitable for 
forging dies and blacksmith tools. Higher carbon version is harder 
and has better cutting ability suitable for shear blades, trim dies, 
and collets. Forging temperature 1800 to 2100 F, annealing 1450 F, 
hardening 1500 F (water quench), or 1600 F (oil), tempering 400 
te 1000 F. 
Republic . . . UA-4 

.50 C, .60 Mn, 1.00 Cr, .25 W 
Republic . . . UA-6 

.65 C, .60 Mn, 1.00 Cr, .25 W 
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COLD-WORK TOOL STEELS 
Oil-Hardening Types 


O1... LOW MANGANESE 

SAE Composition: .90 C, 1.20 Mn, .25 Si, .50 Cr, .20 V opt, .50 W 
The most popular oil-hardening non-deforming tool steel. Not as 
tough as plain carbon steel but with better cutting ability, safety 
in hardening, and medium depth of hardness. Suitable for blanking. 
forming, and drawing dies, taps, hobs, milling cutters, and other 
tools and gages. 


Allegheny Ludlum . . . Saratoga 

.90 C, 1.20 Mn, .35 Si, .50 Cr, .50 W 
Amalgamated . . . Dymal 

.90 C, 1.15 Mn, .50 Cr, .50 W 
Atlantic .. . Atlan 

.90 C, 1.15 Mn, .50 Cr, .50 W 
Atlas . . . Keewatin 

.90 C, 1.15 Mn, .30 Si, .50 Cr, .50 W 
Bethlehem . . . BTR 

.90 C, 1.20 Mn, .50 Cr, .20 V, .50 W 
Boyd-Wagner . . . Arrow Swedish 

.95 C, 1.20 Mn, .20 Si, .50 Cr, .10 V, .50 W 
Boyd-Wagner . . . Bowco 

.90 C, 1.20 Mn, .35 Si, .50 Cr, .50 W 
Braeburn . . . Kiski 

.95 C, 1.10 Mn, .50 Cr, .20 V, .60 W 
Columbia . . . Exl-Die 

.90 C, 1.15 Mn, .50 Cr, .50 W 
Columbia . . . Oildie 

1.00 C, .65 Mn, .40 Si, 1.60 Cr, .50 W 
Craine-Schrage . . . Crasco Red Label 

.90 C, 1.15 Mn, .25 Si, .50 Cr, .50 W 
Crucible . . . Ketos 

.90 C, 1.30 Mn, .50 Cr, .50 W 
Darwin & Milner . . . OHT 

.90 C, 1.20 Mn, .35 Si, .50 Cr, .50 W 
Diehl . . . Utex 

.90 C, 1.10 Mn, .25 Si, .50 Cr, .25 V, .70 W 
Disston . . . Mansil 

.90 C, 1.15 Mn, .50 Cr, .50 W 
Faitoute . . . Oilhard 

.90 C, 1.15 Mn, .30 Si, .50 Cr, .20 V, .50 W 
Firth Sterling . . . Invaro 

.90 C, 1.15 Mn, .50 Cr, .20 V, .50 W 
Great Western .. . CW Oil 

.90 C, 1.10 Mn, .35 Si, .50 Cr, .50 W 
Houghton & Richards... en Oil Hardening 

.90 C, 1.10 Mn, .25 Si, .50 Cr, .20 V, .50 W 
Houghton & Richards . . . Oil Hardening 

.95 C, .95 Mn, .20 Si, .55 Cr 
Hoyland . . . CW Oil 

.90 C, 1.10 Mn, .35 Si, .50 Cr, .50 W 
Jessop ... Truform 

.90 C, 1.17 Mn, .30 Si, .50 Cr, .50 W 
Kloster . . . Swed-Oi 

.97 C, 1.15 Mn, .30 Si, .47 Cr, .20 V, .47 W 
Latrobe . . . Badger 

.95 C, 1.20 Mn, .30 Si, .50 Cr, .50 W 
McDonald . . . Macco Royal Crown 

.90 C, 120 Mn, .30 Si, .50 Cr, .25 V, .50 W 
McInnis . . . Cello Vanadium 

.90 C, 1.20 Mn, .35 Si, .50 Cr, .20 V, .50 W 
Milne . . . Amcoh 

.95 C, 1.25 Mn, .50 Cr, .20 V, .50 W 
Peninsular . . . Yellow Labe 

.90 C, 1.20 Mn, .30 Si, .50 Cr, .20 V, .50 W 
Republic . . . Special Oil Hardening 

.90 C, 1.20 Mn, .50 Cr, .50 W 
Simonds . . . Teenax No. 46 

.90 C, 1.25 Mn, .20 Si, .50 Cr, .20 V, .50 W 
Uddeholm . . . UHB-46 

.90 C, 1.20 Mn, .30 Gi, .50 Ci, .10 V, .50 W 
Universal-Cyclops . . . Wando 

.90 C, 1.20 Mn, .25 Si, .50 Cr, .20 V, .50 W 
Vanadium-Alloys . . . Non-Shrinkable, Colonial, No. 6 

.95 C, 1.20 Mn, .30 Si, .50 Cr, .20 V, .50 W 
Vulcan Crucible . . . Oil Hardening 

.90 C, 1.20 Mn, .50 Cr, .50 W 


O02... HIGH MANGANESE 

SAE Composition: .90 C, 1.60 Mn, .25 Si, .55 Cr opt, .20 V opt, 
.30 Mo opt 

With higher manganese content than O1, this steel has slightly 
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better cutting ability and non-deformation properties. Toughness 
is considerably better and is the best of any of the standard oil 
hardening group. Suitable for blanking, forming, trimming, and 
molding dies, taps and threading dies, broaches, and reamers 
Allegheny Ludlum . . . Deward 
.90 C, 1.55 Mn, .25 Si, .30 Mo 
Braeburn . . . SOD 
.90 C, 1.65 Mn 
Carpenter . . . Stentor 
.90 C, 1.60 Mn, .25 Si 
Crucible . . . Paragon 
.90 C, 1.60 Mn 
Darwin & Milner ... H Brand 
.90 C, 1.50 Mn, .25 Si, . 
Firth Sterling . . . Invaro No, 2 
.90 C, 1.65 Mn, .25 Si, . 
Houghton & Richards .. . 
.92 C, 1.55 Mn, .32 Si, .18 Cr 
Jessop . . . Special Oil Hardening 
.95 C, 1.75 Mn, .35 Si 
Latrobe . . . Mangano 
.95 C, 1.60 Mn, .25 Si 
Republic . . . Arrestite 
.90 C, 1.50 Mn, .20 Cr 
Ryerson .. . Ry-Alloy 
.92 C, 1.55 Mn, .29 Si, .23 Mo 
Simonds . . . No. 864 
.90 C, 1.40 Mn, .25 Mo 
Vulcan Crucible . . . Non-Shrinkable 
.90 C, 1.50 Mn, .20 Cr 


O06... MOLYBDENUM GRAPHITE 
SAE Composition: 1.45 C, .75 Mn, 1.00 Si, .25 Mo 
Graphite particles amounting to about one third of the carbon con- 
tent are distributed through this steel. They make for easy machin- 
ing and good wear resistance. Suitable for forming, blanking. and 
trimming dies, punches, and gages. 
Allegheny Ludlum . . . Oilgraph 

1.45 C, .65 Mn, 1.00 Si, .25 Mo 
Peninsular . . . Graphmo 

1.45 C, .65 Mn, 1.00 Si, .25 Mo 
Timken . . . Graph-Mo 

1.45 C, 1.00 Mn, 1.25 Si, .25 Mo 


O07 ... TUNGSTEN 
ASM Composition: 1.20 C, .75 Cr, 1.75 W, .25 Mo opt 
Better cutting ability than the other oil-hardening steels except D3 
with high hardness and fairly deep hardening. Suitable for taps, 
threading tools, drills, reamers, cutting tools for brass, and punches 
and dies for light stock. Forging temperature 1750 to 1900 F, an- 
nealing 1500 to 1550 F, hardening 1550 to 1650 F, tempering 325 
to 500 F. 
Allegheny Ludlum .. . Utica 

1.25 C, .30 Mn, .30 Si, .40 Cr, .20 V, 1.40 W 
Atlas ... Badger 

1.25 C, .25 Mn, .25 Si, .40 Cr, .20 V, 1.50 W 
Bethlehem . . . 67 Tap 

1.25 C, .65 Cr, .20 V, 1.40 W 
Firth Sterling . . . Meteor 

1.20 C, .30 Mn, .25 Cr, .15 V, 1.50 W 
Honghton & Richards . . . No. 60 

1.20 C, .25 Mn, .30 Si, .70 Cr, .20 V, 1.60 W, .25 Mo 
Latrobe ... WT 

1.20 C, .25 Mn, .30 Si, .40 Cr, .40 V, 1.50 W, .30 Mo 
Simonds . . . OHD 

1.20 C, .35 Mn, .25 Si, .60 Cr, .20 V, 1.50 W 
Universal-Cyclops . . . Para 

1.20 C, .30 Mn, .20 Si, .40 Cr, .20 V, 1.60 W 
Vanadium-Alloys . . . Red Star Tungsten 

1.20 C, .70 Cr, .20 V, 1.60 W, .25 Mo 
Vulcan Crucible . . . Hardrite 

1.05 C, .60 Cr, .25 V, 1.70 W 


COLD-WORK TOOL STEELS 
Air-Hardening Types 

A2...5% CHROME AIR HARDENING 
SAE Composition: 1.00 C, .60 Mn, .25 Si, 5.25 Cr, .40 V opt. 
1.10 Mo 
This steel is intermediate between D3 or D2 and O1 or O2. It is 
tougher than the former, more wear resistant than the latter. Deep 
hardening. Suitable for punches, blanking and forming dies, gages. 
and shear blades. 
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Allegheny Ludlum . . . Sagamore 
1.00 C, .50 Mn, .30 Si, 5.00 Cr, .25 V, 1.00 Mo 


«+ + Mal- 

1.00 C, .60 Mn, 5.25 Cr, .25 V, 1.10 Mo 
Atlantic ... 

1.30 C, .52 Mn .95 Si, 5.00 Cr, .33 V, 1.25 Mo 
Atlas . . . Cro-Mo-Loy 

1.00 C, 1.00 Mn, .30 Si, 5.00 Cr, .25 V, 1.00 Mo 
Bethichem .. . A-HS5 

1.00 C, .60 Mn, 5.25 Cr, .25 V, 1.10 Mo 


1.00 C. .70 Mn, 5.25 Cr, .25 V, 1.15 Mo 
484 


miter... 

1.00 C, .70 Mn, .20 Si, 5.00 Cr, .20 V, 1.00 Mo 
Columbia . . . E-Z-Die 

1.00 C, .60 Mn, 5.25 Cr, 1.15 Mo, .25 V 
Crucible . . . Airkool 

1.00 C, .40 Mn, 5.25 Cr, .40 V, 1.15 Mo 
Darwin & Milner . . . Mineor 

1.00 C, .55 Mn, .40 Si, 5.00 Cr, .25 V, 1.00 Mo 
Firth Sterling .. . Airvan Die 

1.00 C, .65 Mn, .35 Si, 5.25 Cr, .25 V, 1.15 Mo 
Great Western ... CVM 

1.00 C, .70 Mn, .20 Si, 5.00 Cr, .25 V, 1.10 Mo 
Houghton & Richards . . . No. 80 

1.00 C, .65 Mn, .20 Si, 5.25 Cr, .25 V, 1.10 Mo 
Hoyland ... CVM 

1.00 C, .70 Mn, .20 Si, 5.00 Cr, .25 V, 1.10 Mo 
Jessop . .. Windsor 

1.00 C, .50 Mn, .45 Si, 5.00 Cr, .30 V, 1.25 Mo 
Kloster . . . Air. 

1.00 C, .57 Mn, .23 Si, 5.30 Cr, .26 V, 1.00 Mo 
Latrobe . . . Select B FM 

1.00 C, 5.00 Cr, .30 V, 1.00 Mo 
McDonald ... Macco 35 Air Hard 

1.00 C, .60 Mn, .25 Si, 5.25 Cr, .25 V, 1.15 Mo 
McInnes . . . M-10 Air Hardening 

1.00 C, .70 Mn, 5.00 Cr, 1.05 Mo, .25 V 
Milne .. . Milnair 5 

1.00 C, 5.25 Cr, .25 V, 1.10 Mo 
Peninsular .. . Penair No. 5 

1.00 C, .60 Mn, .25 Si, 5.00 Cr, .25 V, 1.10 Mo 
Ryerson . . . Ry-Die 

1.00 C, .60 Mn, 5.25 Cr, .25 V, 1.00 Mo 
Simonds . . . Airtrue 51 

1.00 C, .65 Mn, .25 Si, 5.25 Cr, .30 V, 1.00 Mo 
Uddeholm . . . UHB-151 

1.00 C, .60 Mn, .25 Si, 5.25 Cr, .20 V, 1.10 Mo 
Universal-Cyclops . . . Sparta 

1.00 C, .65 Mn, .30 Si, 5.25 Cr, .25 V, 1.10 Mo 
Vanadium-Alloys ... Air Hard 

1.00 C, 1.75 Mn, .30 Si, 5.00 Cr, .25 V, 1.10 Mo 
Vulcan Crucible . .. Vuldie 

1.00 C, 5.25 Cr, .25 V, 1.15 Mo 


A4... MANGANESE 
ASM Composition: 1.00 C, 2.00 Mn, 1.00 Cr, 1.00 Mo 
Low hardening temperature of this steel is combined with good 
toughness, though wear resistance is lower than the other non- 
deforming steels. Suitable for punches, blanking and forming dies, 
and gages. Forging temperature 2000 F, annealing 1350 to 1400 F, 
hardening 1500 to 1550 F, tempering 300 to 400 F. ASM classifies 
the steels with 3% Mn as AS and those with .70% C as A6. 
Allegheny Ludlum... Airloy 

1.00 C, 3.00 Mn, 1.00 Cr, 1.00 Mo 
Bethichem . . . BA-H 

.95 C, 2.00 Mn, 2.20 Cr, 1.10 Mo 
Carpenter ... Vega 

.70 C, 2.00 Mn, .30 Si, 1.00 Cr, 1.35 Mo 
Firth Sterling . . . Airmo 

1.00 C, .30 Si, 2.00 Mn, 1.00 Cr, 1.00 Mo 
Republic . . . Airaloy 

1.00 C, 2.00 Mn, .90 Cr, .90 Mo 
Timken . . . Graph-MNS C Graphitic Tool Steel 

1.50 C, 1.25 Mn, 1.25 Si, .50 Cr, .50 Mo, 1.75 Ni 
Vulcan Crucible . . . Vairloy 

1.00 C, 2.00 Mn, .90 Cr, .90 Mo 


COLD-WORK TOOL STEELS 


High Carbon - High Chromium Types 


D2... HIGH CARBON-HIGH CHROMIUM 
SAE Composition: 1.50 C, .40 Mn, .40 Si, 12.00 Cr, .80 V opt, 


.90 Mo, .60 Co opt 
Properties are similar to D3. This steel has better safety in harden- 
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ing and high abrasive resistance. Deep hardening. Some corrosion 
resistance. Suitable for punches, blanking, forming, and drawing 
dies, and gages. 
Allegheny Ludium . . . Ontario 

1.50 C, .40 Mn, .30 Si, 12.00 Cr, .20 V, .80 Mo 
Amalgamated . . . Dykrome 

1.50 C, 11.50 Cr, .25 V, .75 Mo 

Atlantic .. . Atlan HCC 

1.50 C, 12.00 Cr, 1.00 V, .80 Mo 
Atlas... FNS 

1.50 C, .30 Mn, .30 Ay 12.00 Cr, .25 V, . 


1.55 C, 11.50 Cr, "0 Y, .80 Mo 
Boyd-Wagner . . . Hypro 61 
1.50 C, .25 Mn, .40 Si, 11.50 Cr, .85 V, . 
Braeburn . . . Superior No. 3 
1.50 C, 12.00 Cr, .80 V, .80 Mo 
Carpenter . . . 610 
1.50 C, .30 Mn, .30 Si, 12.00 Cr, .90 V, . 
Columbia . . . Atmodie 
1.50 C, 12.00 Cr, .85 V, .85 Mo 
--» Crasco Black Label 
1.50 C, .35 Mn, .25 Si, 12.00 Cr, .20 V, . 
Crucible . . . Airdie 150 
1.50 C, W1. 50 Cr, . 
Darwin & Milner . 
1.50 C, .35 Mn, "40 Si, 12.00 Cr, .25 V, .75 Mo, .40 Ni 
Diehl . . . Hicro 
1.55 Cc .25 Mn, .35 Si, 12.00 Cr, .35 V, .80 Mo 
Disston . . . Croloy 
1.50 C, 12.00 Cr, .90 V, .8@ Mo 
Faitoute . . . Chromdie 
1.55 C, 11.50 Cr, .40 V, .85 Mo 
Firth Sterling . . . Cromovan Die 
1.60 C, 12.50 Cr, 1.00 V, .80 Mo 
Great Western . . . 265 High Production 
1.60 C, .30 Mn, .30 Si, 12.00 Cr, .20 V, .80 Mo 
Hawkridge . . . Haldi No. 2 
1.50 C, 11.50 Cr, .20 V, .80 Mo 
Houghton & Richards . . . K-2 
1.50 C, .25 Mn, .30 Si, 11.50 Cr, .25 V, .75 Mo 
Hoyland . . . No. 265 
1.60 C, .30 Mn, .30 Si, 12.00 Cr, .20 V, .80 Mo 
Jessop ... CNS No. 1 
1.50 C, .30 Mn, .25 Si, 12.00 Cr, .25 V, .75 Mo 
- Pure-Oil Hi-Run 
>, 35 Mn, .45 Si, 12.00 Cr, .30 V, .83 Mo 
- Olympic FM 
, 30 Mn, .30 Si, 12.00 Cr, 1.00 V, .80 Mo 
. Macco Kromax 1 
, 34 Mn, .23 Si, 11.90 Cr, .28 V, .90 Mo 
. - « High Production 
1.55 C, 11.50 Cr, 1.00 V, .75 Mo 
Peninsular . . . White Label 
1.50 C, 12.00 Cr, .35 V, .80 Mo 
Republic . . . 404 
1.55 C, 12.00 Cr, .25 V, .75 Mo 
Simonds .. . CCM 
1.55 C, 25 Mn, .35 Si, 12.00 Cr, .35 V, .80 Mo 
Uddeholm . . . Tri-Mo 
1.50 C, 45 Mn, .30 Si, 12.00 Cr, .20 V, .80 Mo 
Universal-Cyclops . . . Ultradie No. 2 
1.50 C, .25 Mn, .30 Si, 12.00 Cr, .25 V, .80 Mo 
Universal-Cyclops . . . Ultradie No. 3 
1.50 C, .25 Mn, .30 Si, 12.00 Cr, .90 V, .80 Mo 
Vanadium-Alloys ... Ohio Die 
1.50 C, .25 Mn, .38 Si, 12.00 Cr, .85 V, .80 Mo, .40 Co 
Vulcan Crucible . . . Alidie 
1.55 C, 12.00 Cr, .75 Mo, .25 V 


D3... HIGH CARBON-HIGH CHROMIUM 
SAE Composition: 2.15 C, .35 Mn, .35 Si, 12.00 Cr, .80 V opt, 
-75 W opt, .80 Mo opt, .50 Ni opt 
Extremely high abrasion resistance makes this steel suitable for 
blanking dies and punches for high production. Hardens more 
deeply than other oil-hardening steels. Poor shock resistance. Suit- 
able for wire- and deep-drawing dies, swaging and blanking dies, 
gages, forming tools and rolls. ASM classifies those steels contain- 
ing 1% Mo as D4, and those with 1% Si as D6. 
Allegheny Ludium . . . Huron 

2.15 C, .30 Mn, .25 Si, 12.50 Cr, 1.00 V 
Amalgamated . . . Dy-Krome Special 

2.15 C, 12.50 Cr, 1.00 V 
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Atlas... NN 
2.25 C, .30 Mn, .25 Si, 12.50 Cr, .25 V 
Bethichem . . . Lehigh S 
2.05 C, 11.75 Cr, .60 V 
Bethichem .. . Lehigh L 
85 C, 11.50 Cr, .30 V, .45 Mo, 1.00 Ni 
Boyd-Wagner ... 62 
2.00 C, .60 Mn, .40 Si, 12.00 Cr 
Boyd-Wagner . . . Hypro 63 
1.70 C, .20 Mn, 18.00 Cr 
Braeburn . . . Superior No. 1 
2.15 C, 12.50 Cr, 60 V 
2.10 C, .25 Mn, .25 Si, 12.50 Cr, .50 Ni 
One: See Ee 
0 C, .30 Mn, .90 Si, 11.56 Cr, 1.00 W 
Crcibe HVE 
5 C, 11.50 Cr, .20 V, .80 Mo 
Darwin &Mliee «New 
5 C, .50 Mn, .45 Si, 13.25 Cr, .50 Ni 
Dusen.) bee Bd 
2.10 C, .30 Mn, .25 Si, 12.00 Cr 
Sterling Triple Die 


2.20 C, 12.00 Cr, .30 V 
Great Western .. . 265-H 

2.05 C, .40 Mn, 11.50 Cr, .60 V 
Hawkridge . . . Marathon 

2.25 C, 11.50 Cr, .20 V, .80 Mo 
Houghton & Richards ... K 

2.32 C, .32 Mn, .22 Si, 13.00 Cr, .22 V 
Hoyland . . . 265 

1.60 C, "30 Mn, .30 Si, 12.00 Cr, .20 V, .80 Mo 
Hoyland . . . 265-H 

2.05 C, .40 Mn, 11.50 Cr, .60 V 
Jessop ... CNS No. 2 

2.25 C, .30 Mn, .25 Si, 12.00 Cr, .20 V, .80 Mo 
Kloster . . . Pure-Ore Kapo 

2.00 C, 12.00 Cr, 2.00 W 
Latrobe ... GSN FM 

2.20 C, .50 Mn, .50 Si, 13.00 Cr 
McInnes . . . High Carbon High Chrome 

2.15 C, 13.00 Cr, 1.00 V, .50 Ni 
Milne . . . Double Six 

228'C; 
Peninsular . . 

nae Os 


2.10 C, .40 Mn, .60 Si, 13.00 Cr 
Uddeholm .. . Tri-Van 

2.05 C, 11.75 Cr, .60 V 
Universal-Cyclops . . . Ultradie No. 1 

2.25 C, .25 Mn, .20 Si, 12.00 Cr, .20 V 
Universal-Cyclops . . . Ultradie No. 1M 

2.25 C, .25 Mn, .20 Si, 12.00 Cr, .20 V, .80 Mo 
Vanadium-Alloys . . . Crocar 

2.20 C, .20 Mn, .30 Si, 12.00 Cr, .80 V, .50 Co 


D5... HIGH CARBON-HIGH CHROME-COBALT 
SAE Composition: 1.50 C, .40 Mn, .40 Si, 12.00 Cr, .80 V opt, 
.90 Mo, 3.10 Co 
Good abrasion resistance and the ability to hold a keen cutting 
edge are characteristics of this steel. Safe hardening and good non- 
deforming properties. Suitable for blanking and forming dies, 
burnishing tools, and some hot-work applications. 
Allegheny Ludlum . . . FCC-66 (Forgings and castings only) 

1.50 C, 12.00 Cr, .50 V, .80 Mo, 3.25 Co 
Amalgamated . . . Cobaltloy 

1.50 C, 12.00 Cr, .50 V, .90 Mo, 3.25 Co 
Braeburn . . . Superior No. 2 

1.50 C, .40 Mn, .40 Si, 12.00 Cr, .90 Mo, 3.10 Co 
Darwin & Miluer .. . PRK-23 

1.40 C, .30 Mn, .60 Si, 13.00 Cr, .60 Mo, 3.30 Co, .50 Ni 
Houghton & Richards . . . No. 61 

1.35 C, .25 Mn, .50 Si, 12.12 Cr, .64 Mo, 3.04 Co 
Jessop ... 3C Special 

1.45 C, .30 Mn, .40 Si, 12.50 Cr, .80 Mo, 3.20 Co 
Latrobe . . . Cobalt Chrome FM 

1.30 C, 12.00 Cr, .80 Mo, 3.00 Co 
McDonald . . . Macco Kromax 2 

1.40 C, .32 Mn, .42 Si, 12.50 Cr, .85 Mo, 3.25 Co 
Milne . . . Double Seven 

1.35 C, 12.50 Cr, .60 Mo, 3.00 Co 
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Universal-Cyclops . . . EK 81 
1.35 C, .30 Mn, .65 max Si, 12.75 Cr, .80 Mo, 3.00 Co 


D7A ... HIGH CHROME-VANADIUM 
A cold-work die steel with high abrasion resistance. Suitabie for 
lamination dies, cold work dies and punches, and wear-resisting 
tools and dies. 
Allegheny Ludlum . .. Huron V 
2.40 C, 12.00 Cr, .80 Mo, 4.00 V 
Crucible ... HYCV 
2.45 C, 12.25 Cr, 3.75 V, 1.00 Mo 
Houghton & Richards . . . K-3 
2.40 C, 12.75 Cr, 4.00 V, 1.10 Mo 
Latrobe ... BR-4 FM 
2.40 C, 12.75 Cr, 4.00 V, 1.10 Mo 


D&A... HIGH CHROME-VANADIUM-MOLY 
An air-hardening steel that may also be hardened by oil quenching 
for extreme abrasive wear. Suitable for brick mold liners, sand- 
slinger liners, and blanking dies. 
Crucible . . . Airkool V 

2.25 C, 0.75 Si, 5.25 Cr, 3.75 V, 3.00 Mo 


HOT-WORK TOOL .STEELS 
Chromium-Base Types 


H3A ... CHROME-NICKEL-MOLY 
Die block steel suitable for hammer dies, heading and gripper dies, 
piercing punches, and die-casting dies. 
Atlas .. . Ultimo 6 
55 C, .55 Mn, .25 Si, .75 Cr, .75 Mo, 1.60 Ni 
Kloster . . . KLS-44 
57 C, .51 Mn, .28 Si, 1.01 Cr, .92 Mo, 1.43 Ni 


H5A ... 2 CHROMIUM, 2 TUNGSTEN 
Suitable for die casting and plastic molding dies. Forging tempera- 
ture 1900 F, annealing 1450 F, hardening 1750 F,“tempering 1200 
F. Oil quench. 
Bethlehem . . . 67 Chisel 

.50 C, .30 Mn, .75 Si, 1.15 Cr, .20 V, 2.50 W 
McDonald . . . Hardtuf 

.50 C, .30 Mn, .60 Si, 1.60 Cr, .25 V, 2.60 W 
Uddeholm . . . UHB 711 

.50 C, .20 Mn, .75 Si, 1.15 Cr, .20 V, 2.50 W 
Universal-Cyclops . . . Alco S 

.50 C, .30 Mn, 1.00 Si, 1.75 Cr, .25 V, 2.25 W, .50 Mo 


H6A...2%% CHROMIUM 
Suitable for short-service die-casting dies. 
Latrobe .. . Aldivan 

45 C, .65 Mn, .25 Si, 2.50 Cr, .30 V 


H7A...4% CHROMIUM 
Designed for hot forming by hydraulic or compressive methods 
with heavy pressure while in contact with the hot metal. Will stand 
water cooling in operation. Forging temperature 1800 F, annealing 
1500 F, hardening 1700 to 1800 F, tempering 600 to 1000 F. Air 
or oil quench. 
Allegheny Ludium .. . EB 
-10 C, .30 Mn, 3.75 Cr, .55 V, .70 Mo 
Crucible . . . La Belle 89 
55 C, 3.90 Cr, .90 V, .45 Mo 
Firth Sterling ... CYW Choice 
95 C, .50 Mn, 3.60 Cr 
Houghton & Richards . . . Hot Work No. 4 
.97 C, .35 Mn, .35 Si, 3.90 Cr 
Jessop... J 
.62 C, .30 Mn, .35 Si, 3.80 Cr, .55 V, .55 Mo 
Jessop... JJ 
.62 C, .30 Mn, .35 Si, 3.80 Cr, .55 V, .55 Mo 
Latrobe . . . Select M 
.90 C, 3.50 Cr, .20 V, .60 Mo 
Republic . . . 6-H-W 
.60 C, 4.00 Cr, .75 V, .45 Mo 
Republic . . . XX 
.90 C, 4.00 Cr, .75 V, .45 Mo 
Simonds . . . Chrome Hot Die 
1.00 C, 4.00 Cr 
Universal-Cyclops . . . Ajax No. 2 
1.00 C, 4.25 Cr, .50 V, .45 Mo 
Vanadium-Alloys . . . Choice 
1.00 C, 4.00 Cr 
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Vulcan Crucible ... 4-HW 

.90 C, 4.00 Cr, .75 V, .45 Mo 
Vulcan Crucible . . . 6-HW 

.60 C, 4.00 Cr, .75 V, .45 Mo 


H8A ... CHROME-SILICON 
Suitable for hot-work dies and plastic-mold dies. Forging tempera- 
ture 1600 to 1950 F, annealing 1500 F, hardening 1650 to 1750 F, 
tempering 350 to 600 F. Oil quench. 
Houghton & Richards ... MYA 

42 C, .30 Mn, 1.45 Si, 1.45 Cr, .25 V 


HOA... CHROME-NICKEL-ALUMINUM 
Precipitation-hardening alloy steel for special applications in die 
casting and plastic injection molding. 
Crucible . . . PHV Die Steel 

.27 C, .60 Mn, .80 Si, 1.15 Cr, .40 V, .25 Mo, 2.80 Ni, 1.15 Al 


H11 ... CHROME-MOLY-V 
SAE CompPosirTION: .35 C, .30 Mn, 1.00 Si, 5.00 Cr, .40 V, 1.50 Mo 
Better toughness at elevated temperatures than H21. It is resistant 
to heat checking when water cooled in operation. Suitable for 
aluminum and magnesium extrusion and forging dies, punches, die 
inserts, and shell piercing dies. 
Bethlehem . . . Cr-Mo-V 
.38 C, 1.00 Si, 5.00 Cr, .45 V, 1.25 Mo 
Braeburn . . . Pressuredie No. 3-L 
.39 C, 1.00 Si, 5.50 Cr, .50 V, 1.10 Mo 
Columbia . . . Firedie 
.37 C, 5.25 Cr, .50 V, 1.35 Mo 
Crucible . . . Halcomb 218 
40 C, 1.00 Si, 5.00 Cr, .35 V, 1.35 Mo 
Firth Sterling . .. HWD No. 2 
.38 C, .40 Mn, 1.00 Si, 5.25 Cr, .30 V, 1.35 Mo 
Hawkridge . . . Nu-Die Mix 218 
.40 C, 1.00 Si, 5.00 Cr, .35 V, 1.35 Mo 
Houghton & Richards . . . Hot Work No. 5 
.35 C, .35 Mn, 1.00 Si, 5.00 Cr, .40 V, 1.00 Mo 
Jessop . . . Dica B Modified 
36 C, .95 Si, 5.00 Cr, .20 V, 1.50 Mo 
Latrobe . . . Dycast No. 1 
.40 C, 1.00 Si, 5.00 Cr, .50 V, 1.00 Mo 
McDonald . . . Macco NLS 
.50 C, .60 Mn, .25 Si, 5.20 Cr, .30 V, 1.20 Mo 
Peninsular . . . Penco-Cr-Mo-V 
.40 C, 1.10 Si, 5.25 Cr, .50 V, 1.20 Mo 
Universal-Cyclops . . . Thermold A 
.35 C, .45 Mn, 1.00 Si, 5.00 Cr, .40 V, 1.35 Mo 
Vanadium-Alloys . . . Hotform No. 2 
.35 C, .30 Mn, .90 Si, 5.00 Cr, .50 V, 1.40 Mo 
Vulcan Crucible . . . Magal 
.35 C, 1.00 Si, 5.00 Cr, .50 V, 1.25 Mo 


H12 .. . CHROME-MOLY-TUNGSTEN 
SAE Composition: .35 C, .30 Mn, 1.00 Si, 5.00 Cr, .25 V opt, 1.25 
W, 1.50 Mo 
General-purpose hot-work steel with good toughness, red hardness, 
and wear resistance. Resists softening up to 1000 F. Suitable for 
dies, dummy blocks, and other parts for extrusion of aluminum, 
magnesium, and brass; gripper and header dies; punches, hot billet 
shears, and die-casting dies. 
Allegheny Ludlum . . . Potomac 

.33 C, .30 Mn, .85 Si, 5.00 Cr, .23 V, 1.25 W, 1.45 Mo 
Amalgamated . . . Kro-tung 

.33 C, .90 Si, 4.75 Cr, .25 V, 1.30 W, 1.50 Mo 
Atlas . . . Crodi 

.35 C, .40 Mn, 1.00 Si, 5.00 Cr, .40 V, 1.50 Mo 
Bethlehem . . . Cr-Mo-W 

.35 C, 1.05 Si, 5.15 Cr, 1.55 W, 1.65 Mo 
Braeburn . . . Pressuredie No. 2 

.35 C, .35 Mn, 1.00 Si, 5.00 Cr, .35 V, 1.20 W, 1.45 Mo 

.35 C, 1.00 Si, 5.00 Cr, 1.25 W, 1.50 Mo 
Crucible . . . Chro-Mow 

.30 C, 1.00 Si, 5.00 Cr, .25 V, 1.25 W, 1.35 Mo 
Darwin & Milner . . . HWS-Hot Work 

.35 C, 1.00 Si, 5.00 Cr, 1.00 V, 1.00 Mo 
Delaware . . . Exelent 

.50 C, .70 Mn, .20 Si, 3.50 Cr, 1.50 Mo 
Disston . . . Mix 873 

.35 C, .32 Mn, 1.05 Si, 5.00 Cr, .40 V, 1.20 W, 1.35 Mo 
Firth Sterling . .. HWD No. 1 

.35 C, .60 Mn, 1.00 Si, 5.00 Cr, .25 V, 1.40 W, 1.55 Mo 
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Great Western . . . 99-Hot Work 

-35 C, .35 Mn, .90 Si, 4.75 Cr, .25 V, 1.10 W, 1.50 Mo 
Houghton & Richards . . . Hot Work No. 6 

35 C, .35 Mn, 1.00 Si, 5.00 Cr, 1.35 W, 1.75 Mo 
Hoyland . . . 33 

-35 C, .35 Mn, .90 Si, 4.75 Cr, .25 V, 1.10 W, 1.50 Mo 
Jessop ... Dica B 

.34 C, .35 Mn, .95 Si, 4.85 Cr, .20 V, 1.15 W, 1.50 Mo 
Kloster . . . D-C-33 

-33 C, .30 Mn, 1.05 Si, 5.00 Cr, 1.55 W, 1.65 Mo 

LPD 


35 C, .30 Mn, 1.00 Si, 5.00 Cr, 1.50 W, 1.50 Mo 
Latrobe ... MGR 

-55 C, .30 Mn, 1.00 Si, 5.00 Cr, 1.00 W, 1.00 Mo 
McDonald . .. Macco ML 

-35 C, .30 Mn, 1.00 Si, 5.00 Cr, 1.50 W, 1.65 Mo 
Milne .. . CMW 

-35 C, 1.00 Si, 5.00 Cr, 1.30 W, 1.65 Mo 
Peninsular . . . Penco-Cr-Mo-W 

.33 C, 1.05 Si, 5.00 Cr, 1.55 W, 1.65 Mo 
Republic . . . 10-H-W 

35 C, 1.00 Si, 5.00 Cr, 1.25 W, 1.50 Mo 
Uddeholm . . . UHB Special Hot Work 

.35 C, 1.05 Si, 5.00 Cr, 1.55 W, 1.65 Mo 
Universal-Cyclops . . . Thermold B 

.35 C, .30 Mn, 1.00 Si, 5.00 Cr, .25 V, 1.35 W, 1.60 Mo 
Vanadium-Alloys . . . Hotform No. 1 

.35 C, .30 Mn, .90 Si, 5.00 Cr, .50 V, 1.40 W, 1.40 Mo 
Vulcan-Crucible . . . TCM 

.35 C, 1.00 Si, 5.00 Cr, .25 V, 1.25 W, 1.50 Mo 


H13 ...CHROME-MOLY-VV 
SAE Composition: .35 C, .30 Mn, 1.00 Si, 5.00 Cr, .90 V, 1.50 Mo 
Higher vanadium content than H11 gives slightly improved wear 
resistance. Developed primarily for die casting and plastic molding. 
Also suitable for forging dies and inserts, punches, piercers, and 
extrusion tools. 
Allegheny Ludlum . . . Potomac M 

.40 C, .35 Mn, 1.00 Si, 5.25 Cr, 1.00 V, 1.15 Mo 
Bethichem . . . Cr-Mo-V (High Vanadium) 

.40 C, 1.10 Si, 5.25 Cr, .90 V, 1.20 Mo 

burn ... Pressuredie No. 3 

.39 C, 1.00 Si, 5.50 Cr, 1.00 V, 1.10 Mo 
Carpenter . . . 883 

.40 C, .35 Mn, 1.10 Si, 5.00 Cr, .90 V, 1.35 Mo 
Celumbia . . . Vanadium Firedie 

.37 C, 5.25 Cr, 1.00 V, 1.35 Mo 
Crucible ... Nu Die V 

.40 C, 1.00 Si, 5.00 Cr, 1.10 V, 1.35 Mo 
Darwin & Milner... HWA Hot Work 

.35 C, 1.00 Si, 5.00 Cr, 1.00 V, 1.00 Mo 
Firth Sterling ... HWD No. 3 

.40 C, .40 Mn, 1.00 Si, 5.25 Cr, 1.05 V, 1.25 Mo 
Great Western .. . 99-HV 

.40 C, 1.00 Si, 5.25 Cr, 1.25 Mo, 1.05 V 
Houghton & Richards . . . Hot Work No. 5 V 

40 C, .30 Mn, 1.00 Si, 5.00 Cr, 1.00 V, 1.00 Mo 
Hoyland . . . 33-HV 

40 C, 1.00 Si, 5.25 Cr, 1.05 V, 1.25 Mo 
Jessop . . . Dica B. Vanadium 

.36 C, .95 Si, 5.00 Cr, 1.00 V, 1.50 Mo 
Kloster . . . Pure-Ore D-C-33-VA 

.38 C, 1.00 Si, 5.25 Cr, 1.05 V, 1.25 Mo 
Latrobe . . . VDC 

.40 C, .30 Mn, 1.00 Si, 5.00 Cr, 1.00 V, 1.00 Mo 
McDonald . . . Macco 33 

.40 C, .30 Mn, 1.00 Si, 5.50 Cr, 1.00 V, 1.40 Mo 
Peninsular . .. Hi Van 

.40 C, 1.10 Si, 5.25 Cr, .90 V, 1.20 Mo 
Uddeholm . . . UHB Orvar 

.38 C, 1.00 Si, 5.00 Cr, 1.00 V, 1.50 Mo 
Universal-Cyclops . . . Thermold AV 

.35 C, .45 Mn, 1.00 Si, 5.00 Cr, 1.00 V, 1.35 Mo 
Vulcan Crucible . . . Vulcast 

.40 C, 1.00 Si, 5.00 Cr, 1.00 V, 1.25 Mo 


H14...5 CHROMIUM, 5 TUNGSTEN 
Composition: .40 C, 5.00 Cr, 5.00 W 
Primarily developed for long-run die casting. Also suitable for brass 
forging, extrusion, and heating. Forging 1950 to 2050 F, annealing 
1650 F, hardening 1850 F, tempering 1050 to 1100 F, air or oil 
quench. 
Allegheny Ludlum . . . Grade 593 

.40 C, .90 Si, 5.00 Cr, 5.00 W, .40 Mo, .25 V 
Atlas . . . Red Indian 

.35 C, .30 Mn, 1.00 Si, 5.00 Cr, .30 V, 4.50 W, .30 Mo, .50 Co 
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Braeburn . . . Pressuredie No. 1 
.38 C, .30 Mn, .90 Si, 5.00 Cr, .20 V, 5.00 W, .25 Mo, .50 Co 
Crocible . .. CCS 
.40 C, 1.15 Si, 5.25 Cr, 4.25 W 
Great Western . . . 515-Hot Work 
.35 C, .25 Mn, 1.00 Si, 5.00 Cr, 5.00 W, .20 Mo 
Houghton & Richards . . . No. 55 
.35 C, .25 Mn, .90 Si, 5.25 Cr, .20 V, 5.25 W, .20 Mo, .50 Co 
Hoyland . . . 515 
.35 C, .25 Mn, 1.00 Si, 5.00 Cr, 5.00 W, .20 Mo 
- Dica D 
, 30 Mn, 1.00 Si, 5.00 Cr, 5.00 W, .25 Mo 
Lu 


. - Lumdie 
7 , 1.00 Si, 5.00 Cr, 4.50 W 
McDonald . . . Macco Lensmold 
40 C, .25 Mn, 1.00 Si, 5.25 Cr, 4.65 W 
Universal-Cyclops ... KS 
40 C, .90 Si, 5.25 Cr, 5.25 W 


H16...7 CHROMIUM, 7 TUNGSTEN 
Composition: .55 C, 7.00 Cr, 7.00 W 
With its high chromium content, this steel is tougher than the other 
tungsten steel. Suitable for shear blades, die inserts, forming dies, 
heading dies, and punches. Forging 1950 to 2000 F, annealing 
1650 F, hardening 2000 to 2100 F, tempering 600 to 1300 F. Air 
or oil quench. 
Firth Sterling ... WCR 

.60 C, .60 Mn, 1.00 Si, 8.50 Cr, 7.50 W 
Universal-Cyclops .. . KL 

.35 C, .60 Mn, 1.50 Si, 7.50 Cr, 7.50 W 
Universal-Cyclops ... KM 

.45 C, .60 Mn, 1.50 Si, 7.50 Cr, 7.50 W 
Universal-Cyclops .. . KR 

55 C, .60 Mn, .60 Si, 7.50 Cr, 7.50 W 


HOT-WORK TOOL STEELS 
Tungsten-Base Types 


H21...9% TUNGSTEN 
SAE Composition: .32 C, .30 Mn, .20 Si, 3.25 Cr, .40 V, 9.00 W 
Excellent red hardness permits this steel to hold its tempered hard- 
ness at temperatures to 1100 F. Suitable for brass forging dies 
and inserts, extrusion dies, nut punches, permanent molds, extru- 
sion mandrels, and hot trim dies. ASM classifies the 2% Cr steels 
as H20. 
Allegheny Ludlum ... Atlas A 

.30 C, .30 Mn, .30 Si, 3.00 Cr, .45 V, 9.00 W 

ted ... Thermal B 

.35 C, 2.75 Cr, .30 V, 9.00 W 
Atlas .. . Hodi 

.28 C, .30 Mn, .30 Si, 3.25 Cr, .40 V, 10.00 W 
Atlas . . . Seneca 
.35 C, .30 Mn, .30 Si, 3.25 Cr, .40 V, 10.00 W 
Bethlehem . . . 57 HW 

.30 C, 3.25 Cr, .30 V, 9.35 W 
Boyd-Wagner ... EZ 9 W 

.40 C, .30 Mn, .20 Si, 3.00 Cr, .25 V, 9.00 W 
Braeburn . . . T-Alloy A 

.33 C, .25 Mn, .25 Si, 3.50 Cr, .50 V, 9.60 W 
Carpenter ... T-K 

.35 C, .30 Mn, .30 Si, 3.50 Cr, .40 V, 9.00 W 
Columbia . . . Formite No. 2 

.32 C, 3.25 Cr, 9.40 W, .30 Mo, .50 V 
Crucible . . . Peerless A 

.28 C, 3.25 Cr, .25 V, 9.00 W 
Darwin & Milner . . . Darwin 93 

.30 C, 3.00 Cr, .45 V, 9.00 W 
Firth Sterling . .. LT Forging Die 

.33 C, .20 Mn, .30 Si, 3.50 Cr, .45 V, 9.50 W 
Great Western . . . 310-Hot Work 

.30 C, .25 Mn, .30 Si, 3.25 Cr, .35 V, 10.00 W 
Houghton & Richards . . . Hot Work No. 2 

.33 C, .20 Mn, .30 Si, 3.50 Cr, .50 V, 9.25 W 
Hoyland . . . 310 

.30 C, .25 Mn, .30 Si, 3.25 Cr, .35 V, 19.00 W 
Jessop . . . 2B-LC 
.30 C, .30 Mn, .30 Si, 3.10 Cr, .30 V, 10.00 W 
Kloster . . . D-C-66 

.30 C, .35 Mn, .33 Si, 3.50 Cr, .27 V, 8.75 W 
McDonald . . . Macco P-175 

.31 C, .29 Mn, .43 Si, 3.30 Cr, .50 V, 9.50 W 

Milne . . . 3074 

.35 C, 4.00 Cr, .50 V, 9.00 W 
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+++ Penco 57 HW 

-35 C, 2.75 Cr, .30 W, 9.00 W 
Republic .. . Air Hardening No. 30 

30 C, 3.50 Cr, .25 V, 9.00 W 
Simonds ... D. V. V. Hot Work 

32 C, .30 Mn, .35 Si, 3.25 Cr, .40 V, 9.50 W 
Universal-Cyclops . . . B44] 

.33 C, .30 Mn, .35 Si, 3.35 Cr, .50 V, 9.50 W, 1.00 max. Mo 
Vanadium-Alloys . . . Marvel 

.33 C, 3.50 Cr, .50 V, 9.00 W 
Vanadium-Alloys . . . Hotpress 

.35 C, 2.00 Cr, .50 V, 9.00 W 
Vulcan Crucible . . . Calo Ferro .30 

.30 C, 3.50 Cr, .50 V, 9.50 W 


H22 ... 12% TUNGSTEN 
CoMPOsITION: .35 C, 2.00 Cr, 11.00 W 
Better wear resistance and less toughness than H21. Good hardness 
at elevated temperatures. Principal applications in brass industry 
for extrusions, forging, and die casting. 
Allegheny Ludlum ... Atlas B 

.40 C, .30 Mn, .25 Si, 3.00 Cr, .45 V, 12.00 W 
Braeburn . . . T-Alloy 

.35 C, .25 Mn, .25 Si, 3.50 Cr, .40 V, 10.50 W 
Crucible . . . Peerless LCT 2 

.40 C, 2.00 Cr, .35 V, 11.50 W 
Houghton & Richards . . . Hot Work 

32 C, .28 Si, 3.25 Cr, .40 V, 10.25 W 
Jessop . . . 2-B-HC 

49 C, .30 Mn, .30 Si, 2.90 Cr, .35 V, 11.25 W 
Jessop .. . 2-B-MC 

.39 C, 3.10 Cr, .35 V, 13.30 W 
Republic . .. Air Hard No. 40 

.45 C, 3.00 Cr, .25 V, 13.00 W 
Universal-Cyclops ... B 44 

.35 C, 3.50 Cr, .45 V, 13.00 W 


H23 ...12 CHROMIUM, 12 TUNGSTEN 
Composition: .30 C, 12.00 Cr, 12.00 W 
Suitable for brass extrusion and forging dies. Forging temperature 
2150 F, annealing 1550 F, hardening 2300 F, tempering 1300 F. 
Oil quench. 
Braeburn ... HCA 
.30 C, .30 Mn, .50 Si, 12.00 Cr, .90 V, 12.00 W 
Crucible . . . Halcomb 236 
.30 C, .35 Mn, .50 Si, 12.00 Cr, .90 V, 12.00 W 
Firth Sterling . . . BDC 
.33 C, .35 Mn, .35 Si, 12.00 Cr, 1.05 V, 12.00 W 
Houghton & Richards . .. Hot Work No. 12 
.30 C, 12.00 Cr, 1.00 V, 12.00 W 
Latrobe . . . Kalkos 
.30 C, 12.00 Cr, 1.00 V, 12.00 W 
Universal-Cyclops . . . Thor 
.30 C, .30 Mn, .50 Si, 12.00 Cr, 1.00 V, 12.00 W 


H24... 15% TUNGSTEN 
ComposiTIONn: .45 C, 3.00 Cr, 15.00 W 
More wear resistance and less toughness than H22. Not suitable 
for battering applications. Similar to H25. Suitable for hot shear 
blades, drawing, and gripper dies, and extrusion dies. 
Allegeheny Ludlum . . . Mohawk 

45 C, .30 Mn, .30 Si, 3.50 Cr, .70 V, 14.00 W 
Bethichem .. . 57 Spec 

.40 C, 3.50 Cr, .30 V, 14.00 W 
Boyd-Wagner ... EZ 14 W 

.45 C, .30 Mn, .20 Si, 3.00 Cr, .30 V, 14.00 W 
Braeburn . . . T-Alloy B 

-50 C, .25 Mn, .25 Si, 3.00 Cr, .50 V, 15.00 W 
Darwin & Milner . . . [WI 

45 C, .25 Mn, .30 Si, 4.00 Cr, .70 V, 15.00 W 
Latrobe ... CHW 

.50 C, 3.00 Cr, .50 V, 15.00 W 
McDonald . . . Macco P-150 

.51 C, 2.90 Cr, .60 V, 15.30 W 
McInnes ... Record A 

.50 C, 3.75 Cr, .75 V, 14.00 W 
Universal-Cyclops ... B 4 

C as desired, 2.75 Cr, .50 V, 15.00 W 
Vulcan Crucible . . . .50 Calo Ferro 

.50 C, 3.00 Cr, .50 V, 14.50 W 


H25 ...15% TUNGSTEN 

CompPosiTIon: .25 C, 4.00 Cr, 15.00 W 

More wear resistance and less toughness than H22. Not suitable 
for battering applications. Similar to H24. Suitable for hot shear 
blades, drawing, and gripper dies, and extrusion dies. 
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Braeburn . . . T-Alloy C 

.25 C, .25 Mn, .25 Si, 4.00 Cr, .50 V, 15.00 W 

olumbia ... Formite No. 1 

.35 C, 4.00 Cr, .35 V, 13.50 W, .40 Mo 
Crucible . . . LLCT 

.25 C, 4.00 Cr, .50 V, 15.00 W 
Firth Sterling . . . XDL 

.38 C, .25 Mn, .30 Si, 4.00 Cr, .45 V, 15.50 W 
Great Western . . . 313-Hot Work 

-35 C, .30 Mn, .30 Si, 3.00 Cr, 13.50 W 
Houghton & Richards . .. Hot Work No. 15 

.25 C, .29 Mn, .26 Si, 4.03 Cr, .51 V, 15.10 W 
Hoyland . . . 313 

35 C, .30 Mn, .30 Si, 3.00 Cr, 13.50 W 
Latrobe .. . EHW No. 1 

.25 C, .25 Mn, .25 Si, 4.00 Cr, .50 V, 15.00 W 
McDonald . . . Macco P-125 

.25 C, 4.20 Cr, .50 V, 5.50 W 
Vanadium Alloys ... Forge Die 

.25 C, 3.50 Cr, .50 V, 14.00 W 


H26 ... 18% TUNGSTEN 
ComMPosirTION: .50 C, 4.00 Cr, 1.00 V, 18.00 W 
A lower carbon version of T1 with better shock resistance but other 
properties essentially the same. Shock resistance is still quite low 
for a hot-work steel. Suitable for shear blades, swaging dies, gripper 
dies, and glass molds. 
Allegheny Ludlum ... LXX 6 Temper 

.60 C, 4.00 Cr, 18.00 W, 1.00 V 
Atlas .. . Spartan 5 

.50 C, .25 Mn, .30 Si, 4.00 Cr, 1.20 V, 18.00 W 
Braeburn . . . Vinco 

.62 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W 
Carpenter .. . Star Zenith Low Carbon 

Low C, 4.00 Cr, 1.15 V, 18.25 W 
Columbia . . . Clarite HW 

.57 C, 4.00 Cr, .70 V, 18.00 W 
Crucible ... Rex AA “OX” temper 

.63 C, 4.00 Cr, 1.10 V, 18.00 W 
Crucible ... Rex AA “PX” temper 

.53 C, 4.00 Cr, 1.10 V, 18.00 W 
Disston .. . Kutkwik 

.63 or .68 C, 4.00 Cr, 1.00 V, 18.00 W 
Firth Sterling .. . XDH 

.58 C, .25 Mn, .35 Si, 4300 Cr, 1.00 V, 18.00 W 
Firth Sterling ... XDM 

.45 C, .25 Mn, .35 Si, 4.00 Cr, .45 V, 17.50 W 
Houghton & Richards ... No. 50 

.60 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 12.00 W 
Latrobe . . . Electrite No. 5 

.60 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W 
Universal-Cyclops . . . B-6X 

.50 C, .25 Mn, .30 Si, 4.00 Cr, 1.10 V, 18.00 W 
Vanadium-Alloys . . . Red Cut Superior J Temper 

.50 C, .20 Mn, .32 Si, 4.00 Cr, 1.00 V, 18.00 W 
Vulcan Crucible . . . Wolfram 

.55 C, 4.00 Cr, 1.00 V, 18.00 W 


H31A ... NICKEL-TUNGSTEN 
Modified form of H2 with low carbon and an appreciable nickel 
content. Suitable for piercing heads, die-casting dies for copper 
alloys, dummy blocks, and forming dies. Forging 2000 to 2200 F, 
annealing 1600 F, hardening 2000 to 2300 F, tempering 1000 to 
1300 F. Oil or air quench. 
Firth Sterling ... LTL 

.25 C, .25 Mn, .20 Si, 2.75 Cr, .25 V, 10.00 W, 1.50 Ni 
Republic . . . Resco 

.28 C, 2.75 Cr, 9.50 W, .25 Mo, 1.75 Ni 
Uddeholm . . . Valand 1 

.30 C, .30 Mn, .30 Si, 3.00 Cr, .30 V, 9.50 W, 1.75 Ni 
Universal-Cyclops .. . K 390 

.24 C, .40 Mn, .40 Si, 2.75 Cr, 10.00 W, 2.00 Ni 
Vulcan Crucible . . . A-42 

.30 C, 2.75 Cr, 9.75 W, .25 Mo, 1.75 Ni 


H32A ... COBALT-TUNGSTEN 
Maintains shock and wear resistance at elevated temperatures. Suit- 
able for brass extrusion tools, press forging dies, and hot punches. 
Forging 1900 to 2100 F, annealing 1600 to 1650 F, hardening 2100 
to 2250 F, tempering 900 to 1300 F. Air or oil quench. 
Allegheny Ludium . . . B-47 Hot Die 

.40 C, .35 Mn, .25 Si, 4.25 Cr, 2.25 V, 4.25 W, .40 Mo, 4.25 Co 
Braeburn . . . Pressuredie “C” 

.40 C, .30 Mn, .30 Si, 4.25 Cr, 2.00 V, 4.25 W, .40 Mo, 4.25 Co 
Uddeholm . . . Valand 2 

32 C, .30 Mn, .30 Si, 2.50 Cr, .35 V, 8.00 W, 2.00 Co 
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HOT-WORK TOOL STEELS 


Molybdenum-Base Types 


H41...8% MOLYBDENUM 
ASM Composition: .65 C, 4.00 Cr, 1.00 V, 1.50 W, 8.00 Mo 
a carbon version of M1. Suitable for high operating tempera- 
res. 

Houghton & Richards . . . Molyhi 

C per temper, 4.00 Cr, 1.15 V, 1.50 W, 8.50 Mo 

-»- MCH 

-50 C, 3.75 Cr, .75 V, 1.00 W, 6.25 Mo 
Latrobe ... MCL 

-30 C, 3.75 Cr, .75 V, 1.00 W, 6.25 Mo 
Universal-Cyclops . . . Mo Tung 

C per temper, .25 Mn, .30 Si, 4.00 Cr, 1.15 V, 1.50 W, 8.50 Mo 


H42 ... 5% MOLYBDENUM 
ASM Composition: .60 C, 4.00 Cr, 2.00 V, 6.00 W, 5.00 Mo 
Low-carbon version of M2. Suitable for extrusion dies, header 
inserts, and bolt trimmers. 
Allegheny Ludium . . . DBL-Low Carbon 

-62 C, 4.00 Cr, 6.25 W, 5.00 Mo, 1.90 V 
Houghton & Richards . . . No. 45 

-65 C, 4.00 Cr, 2.00 V, 6.50 W, 5.00 Mo 
Latrobe . . . Electrite No. 7 

.65 C, 4.00 Cr, 2.00 V, 6.00 W, 5.00 Mo 


H43 ...8 MOLYBDENUM—2 VANADIUM 
ASM Composition: .55 C, 4.00 Cr, 2.00 V, 8.00 Mo 
Similar to H41, but with higher vanadium content for higher red 
hardness. 
Allegheny Ludlum . . . VLM-Low Carbon 
65 C, 4.00 Cr, 1.80 V, 8.00 Mo 
Bethichem ... HW 8 
.60 C, 3.60 Cr, 1.75 V, 8.50 Mo 
Columbia . . . Molite HW10 
63 C, 4.00 Cr, 2.00 V, .25 W max, 8.25 Mo 


H51A...1% MOLYBDENUM 
A tough steel with resistance to heat checking. Suitable for hot 
header dies, upset punches, extrusion dies, and press forging dies. 
Forging temperature 1900 to 2100 F, annealing 1450 F, hardening 
1650 to 1750 F, tempering 900 to 1300 F. Oil quench. 
Republic . . . 550 

45 C, .65 Mn, 1.60 Cr, .25 V, 1.10 Mo 
Vulcan Crucible ... A-41 

.45 C, 1.60 Cr, .25 V, 1.10 Mo 


H52A...2% MOLYBDENUM 
Combines red hardness and toughness. Suitable for punches, 
mandrels, forming and forging dies, extrusion and swaging dies, 
shear knives, and die-casting dies and plastic molds. Forging 1950 
to 2150 F, annealing 1450 to 1550 F, hardening 1800 to 1900 F, 
tempering 950 to 1200 F. 
Amalgamated . . . Kropunch 

40 C, 1.10 Si, 5.00 Cr, .30 V, 2.50 W, 2.00 Mo 


HIGH-SPEED TOOL STEELS 


Tungsten-Base Types 


Tl... TUNGSTEN, 18-4-1 
SAE Composition: .70 C, .30 Mn, .30 Si, 4.10 Cr, 1.10 V, 18.00 W 
A general-purpose high-speed steel with a balanced combination of 
shock resistance and abrasion resistance. It is the easiest high-speed 
grade to machine. Has high red hardness. Principal application is 
cutting tools. In a lower carbon range it is listed under H26. 
Allegheny Ludlum ... LXX 

-70 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W 
Amalgamated ... Malax AA 

-73 C, 4.00 Cr, 1.10 V, 18.00 W 
Atlantic .. . High Speed 

.50 C, .20 Mn, .20 Si, 4.00 Cr, 1.00 V, 18.00 W, .15 Mo 
Atlas ... Spartan 7 

.72 C, .25 Mn, .30 Si, 4.00 Cr, 1.20 V, 18.00 W 
Bethlehem . . . Special HS 

.73 C, 4.00 Cr, 1.10 V, 18.00 W 
Bek tage . - Record Superior 

, 30 Mn, .20 Si, 4.00 Cr, 1.00 V, 18.00 W, .30 Co 
. Vinco 
; ‘25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W 
- Star Zenith 
.25 Mn, .20 Si, 4.00 Cr, 1.15 V, 18.25 W 
. « Clarite 
.25 Mn, .30 Si, 4.00 Cr, 1.15 V, 18.00 W 
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Crucible ... Rex AA 

-73 C, 4.00 Cr, 1.15 V, 18.00 W 
Darwin & Milner ... Cannon 

-70 C, .25 Mn, .35 Si, 4.00 Cr, 1.00 V, 18.00 W 
Delaware ... 18-4-1 

-70 C, .30 Mn, .20 Si, 4.00 Cr, 1.00 V, 18.00 W 

-72 C, 4.00 Cr, 1.00 V, 18.00 W 
Disston ... Kutkwik 

-73 or .78 C, 4.00 Cr, 1.00 V, 18.00 W 
Firth Sterling . . . Blue Chip 

.72 C, .25 Mn, .20 Si, 4.10 Cr, 1.15 V, 18.20 W 
Great Western . . . Silver Stripe 

-70 C, .20 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W 
Houghton & Richards ... No. 1 

-70 C, .20 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W 
Hoyland ... 18-4-1 

-70 C, .20 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W 
Jessop .. . Supremus 

.73 C, .28 Mn, .28 Si, 4.00 Cr, 1.10 V, 18.00 W 
Kloster . . . Clipper 

65 C, .27 Si, 4.02 Cr, 1.07 V, 18.12 W 
Latrobe .. . Electrite No. 1 

.72 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W 
McDonald . . . Macco Superior 

.75 C, .28 Mn, .22 Si, 4.00 Cr, 1.00 V, 18.00 W 
Mcinnes .. . “V” High Speed 

.75 C, 4.00 Cr, 1.10 V, 18.25 W 
Milne .. . AMC 

4.00 Cr, 1.00 V, 18.00 W 
Peninsular . . . Penco XX 

.72 C, .25 Mn, .30 Si, 4.00 Cr, 1.10 V, 18.00 W 
Republic .. . B-F High Speed 

.72 C, .30 Mn, 4.00 Cr, 1.00 V, 18.00 W 
Simonds . . . Red Streak 

.72 C, 4.00 Cr, 1.00 V, 18.00 W 
Universal-Cyclops ... B 6 

.75 C, .25 Mn, .30 Si, 4.00 Cr, 1.10 V, 18.00 W 
Vanadium-Alloys .. . Red Cut Superior 

.72 C, .20 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W 
Vulcan Crucible ... Wolfram 

.71 C, 4.00 Cr, 1.00 V, 18.00 W 


T2 ... TUNGSTEN, 18-4-2 

SAE Composition: .80 C, .30 Mn, .30 Si, 4.10 Cr, 2.10 V, 18.50 
W, .80 Mo 

With higher carbon and vanadium content than T1 and a small 
molybdenum addition, this steel provides a harder and more 
durable tool edge. Often more economical than cobalt steels, it 
hardens without a soft skin. Not as tough as T1. Suitable for fine- 
edge tools such as hobs and threading dies, form tools, twist drills, 
reamers, broaches, and milling cutters. 


Allegheny Ludlum ... ML 

82 C, .30 Mn, .30 Si, 4.10 Cr, 2.10 V, 18.50 W, .75 Mo 
Atlas ... Trojan 

.80 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 18.50 W, .50 Mo 
Braeburn . . . Twinvan 

.82 C, .25 Mn, .25 Si, 4.25 Cr, 2.10 V, 18.50 W, .65 Mo 
Columbia ... Vanite 

83 C, 4.00 Cr, 2.15 V, 18.50 W, 1.00 Mo max 
Crucible .. . Rex Supervan 

85 C, 4.00 Cr, 2.10 V, 18.50 W, .75 Mo 
Darwin & Milner . . . Cannon Special 

.80 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 18.00 W, .60 Mo 
Firth Sterling . .. HV Blue Chip 

82 C, .25 Mn, .30 Si, 4.25 Cr, 2.10 V, 18.50 W, .65 Mo 
Houghton & Richards ... No. 2 

.80 C, .35 Si, 4.25 Cr, 2.15 V, 18.50 W, .65 Mo 
Jessop ... Supremus Extra 

85 C, .28 Mn, .28 Si, 4.00 Cr, 2.00 V, 18.50 W 
Kloster . . . Prior 

.81 C, .30 Mn, .35 Si, 4.25 Cr, 2.12 V, 18.50 W, .65 Mo 
Latrobe . . . Electrite No. 19 

83 C, .25 Mn, .25 Si, 4.10 Cr, 2.20 V, 18.50 W, .60 Mo 
Milne .. . Milvan 

4.10 Cr, 2.25 V, 19.00 W 
Republic ... IXL High Speed 

.80 C, 30 Mn, 4.00 Cr, yd 19.00 W, .75 Mo 
Simonds . . . Loc 

.80 C, 4.25 Cr, 2.25 V, 1330 W, .70 Mo 
Universal-Cyclops ... B 9 

.84 C, .25 Mn, .30 Si, 4.25 Cr, 2.25 V, 18.50 W, .50 Mo 
Vanadium-Alloys . .. EVM 

.85 C, .25 Mn, .35 Si, 4.25 Cr, 2.00 V, 18.10 W 
Vulcan Crucible . . . Super 

80 C, 4.25 Cr, 2.25 V, 18.50 W, .70 Mo 





How to work STEEL 


T3 . . . TUNGSTEN, 18-4-3 
SAE Composition: 1.05 C, .30 Mn, .30 Si, 4.10 Cr, 3.25 V, 18.50 
W, .70 Mo 
The triple vanadium and high carbon content of this steel provide 
the highest wear resistance of any tool steel. It is suitable for cut- 
ting hard wrought metals or castings, material that work hardens, 
and soft, gummy materials where wear resistance is a major factor. 
Crucible . . . Rex 939 

1.05 c, 4.00 Cr, 3.00 V, 18.00 W 
Houghton & Richards . . . No. 3 

1.04 C, .26 Mn, .27 Si, 4.18 Cr, 3.41 V, 18.46 W, .84 Mo 
Latrobe . . . Electrite Vanadium 

1.10 C, .25 Mn, .25 Si, 4.10 Cr, 3.40 V, 18.50 W, .85 Mo 
Peninsular . . . Penco XXX 

1.05 C, .25 Mn, .30 Si, 4.35 Cr, 3.00 V, 18.50 W 


T4 ... COBALT-TUNGSTEN 18-4-1-5 
SAE CompPosiTIon: .75 C, .30 Mn, .30 Si, 4.10 Cr, 1.00 V, 18.00 
W, .80 Mo, 5.00 Co 
The addition of 5% cobalt to T1 increases cutting ability at high 
temperatures, making this steel suitable for machining abrasive 
materials and for hogging cuts where high heats develop. Requires 
higher hardening temperature and so tends to develop a soft skin. 
Should be used where tools are well supported, not subject to 
shock, and ground all over after hardening. 
Allegheny Ludium . . . Panther Special 

.75 C, .25 Mn, .25 Si, 4.50 Cr, 1.00 V, 19.00 W, 5.00 Co 
Amalgamated . .. Malax AAA 

.74 C, 4.50 Cr, 1.25 V, 18.50 W, .75 Mo, 5.00 Co 
Atlas . . . Powhatan 

.75 C, .25 Mn, .30 Si, 4.00 Cr, 1.25 V, 19.00 W, 5.00 Co 
Bethichem . . . Comokut 

.74 C, 4.50 Cr, 1.25 V, 18.50 W, .75 Mo, 5.00 Co 
Braeburn . . . Cobalt 

.74 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W, .50 Mo, 5.00 Co 
Crucible ... Rex AAA 

.75 C, 4.00 Cr, 1.15 V, 18.00 W, .75 Mo, 5.00 Co 
Darwin & Milner . . . 505 

-70 C, .30 Mn, .25 Si, 4.00 Cr, 1.15 V, 18.00 W, .60 Mo, 5.00 Co 
Firth Sterling . . . Red Chip 

.75 C, .25 Mn, .30 Si, 4.00 Cr, 1.00 V, 18:00 W, .75 Mo, 5.00 Co 
Great Western . . . Super-Kut 

.70 C, .25 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W, .50 Mo, 5.00 Co 
Houghton & Richards . . . Cobalt 

.78 C, 4.00 Cr, 1.00 v, 18.00 W, 5.00 Co 
Hoyland . . . Cobalt 5 

.70 C, .25 Mn, .30 Si, 4.00 Cr, 1.00 V, 18.00 W, .50 Mo, 5.00 Co 
Jessop . .. Purple Label 

.14 C, .28 Mn, .28 Si, 4.20 Cr, 1.10 V, 18.50 W, .50 Mo, 5.00 Co 
Latrobe . . . Electrite Cobalt 

-72 C, .25 Mn, .25 Si, 4.00 Cr, 1.00 V, 18.00 W, .65 Mo, 5.00 Co 
Milne . . . Hyco 

4.25 Cr, 1.30 V, 18.50 W, 5.00 Co 
Universal-Cyclops ...B 7 

15 C, .25 Mn, .30 Si, 4.25 Cr, 1.10 V, 18.00 W, .50 Mo, 5.00 Co 
Republic . . . Cobalt High Speed 

.72 C, 4.00 Cr, 1.00 V, 18.00 W, .50 Mo, 5.00 Co 
Simonds . . . Tunco 

.73 C, 4.50 Cr, 1.10 V, 19.00 W, 5.00 Co 
Vanadiom-Alloys . . . Red Cut Cobalt 

.73 C, .20 Mn, .30 Si, 4.25 Cr, 1.08 V, 18.25 W, .65 Mo, 4.75 Co 
Vulcan Crucible . . . Wolfram Cobalt 

.72 C, 4.00 Cr, 1.00 V, 18.00 W, .50 Mo, 5.00 Co 


TS ... COBALT-TUNGSTEN 18-4-2-8 
SAE Composirion: .80 C, .30 Mn, .30 Si, 4.10 Cr, 1.75 V, 18.50 
W, .80 Mo, 8.00 Co 
An intermediate cobalt steel with high red hardness and good wear 
resistance. Cutting speeds can be about 25% faster than with T1 
with longer tool life. Suited for heavy, dry cuts and for machining 
heat-treated forgings and castings. 
Allegheny Ludium . . . Super Panther 

80 C, .25 Mn, .25 Si, 4.25 Cr, 2.00 V, 19.00 W, 1.00 Mo, 7.25 Co 

ited ... Malax AAAA 

80 C, 4.25 Cr, 2.00 V, 19.00 W, 1.00 Mo, 7.25 Co 
Atlas . . . Nipigon 

.78 C, .25 Mn, .30 Si, 4.00 C1, 2.00 V, 19.00 W, .80 Mo, 8.00 Co 
Boyd-Wagner . . . Record Eminent 

.75 C, .30 Ma, .20 Si, 5.00 Cr, 1.50 V, 18.50 W, 8.50 Co 
Braeburn . . . Bonded Carbide Jr. 

.77 C, .25 Mn, .25 Si, 4.25 Cr, 1.95 V, 18.50 W, .75 Mo, 7.60 Co 
Crucible . . . Rex Supercut 

80 C, 4.00 Cr, 2.00 V, 18.50 W, .60 Mo, 8.00 Co 
Darwin & Milner . . . 505 Special 

80 C, .30 Mn, .25 Si, 4.00 Cr, 2.00 V, 18.00 W, .80 Mo, 8.00 Co 
Firth Sterling . . . Circle C 

.77 C, .25 Mn, .25 Si, 4.50 Cr, 1.90 V, 18.50 W, 1.00 Mo, 9.00 Co 
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. tool and die 


Hawkridge . . . Dreadnought 18-8 
80 C, 4.00 Cr, 2.00 V, 18.50 W, .60 Mo, 8.00 Co 
Houghton & Richards... No. 4 
80 C, 4.50 Cr, 1.75 V, 18.50 W, .80 Mo, 7.50 Co 
. -» Purple Label Extra 
-78 C, .28 Mn, .28 Si, 4.20 Cr, 1.95 V, 18.50 W, .75 Mo, 7.90 Co 
Latrobe . . . Electrite Cobalt 
.83 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 18.00 W, 9.00 Co 
McInnes . . . Duro 
.80 C, 4.00 Cr, 18.50 W, 4.00 Mo, 7.00 Co 
..+ Mileo 9 
.80 C, .30 Mn, .30 Si, 4.25 Cr, 1.75 V, 18.50 W, .75 Mo, 9.00 Co 
Simonds . . . Super Cobalt 
-75 C, 4.25 Cr, 2.00 V, 18.50 W, .60 Mo, 7.75 Co 
Universal-Cyclops ... B 10 
-80 C, .25 Mn, .30 Si, 4.50 Cr, 2.00 V, 18.50 W, 1.00 Mo, 9.00 Co 
Vanadium-Alloys ... Red Cut Cobalt B 
-78 C, .25 Mn, .30 Si, 4.25 Cr, 1.85 V, 18.50 W, .75 Mo, 8.75 Co 
T6 ... COBALT-TUNGSTEN, 18-4-2-12 
SAE Composition: .80 C, .30 Mn, .30 Si, 4.10 Cr, 1.75 V, 20.00 
W, .80 Mo, 12.00 Co 
A high-cobalt steel having the highest red hardness of any tool 
steel. Wear resistance is better than the lower cobalt steels. Suit- 
able for heavy duty lathe and planer tools. Careful heat-treating 
practice is essential and salt baths or controlled atmospheres 
desirable. 
Atlas... ACX 
.83 C, .25 Mn, .30 Si, 18.50 W, 4.00 Cr, 1.75 V, 1.00 Mo, 10.50 
Co 
Braeburn . . . Bonded Carbide 
.70 C, .25 Mn, .25 Si, 4.50 Cr, 1.50 V, 18.00 W, .70 Mo, 12.00 
Co 
Crucible . . . Rex 440 
.80 C, 4.00 Cr, 2.00 V, 19.50 W, .60 Mo, 12.00 Co 
Darwin & Milner .. . Darwin 1366 
.80 C, .30 Mn, .25 Si, 4.00 Cr, 2.00 V, 18.00 W, .80 Mo, 13.00 
Co 
Hawkridge . . . Halcomb No. 440 
.80 C, 4.00 Cr, 2.00 V, 19.50 W, .60 Mo, 12.00 Co 
Houghton & Richards . . . Super Cobalt 
.80 C, .20 Mn, .32 Si, 4.25 Cr, 1.35 V, 20.50 W, .60 Mo, 12.25 Co 
Jessop . . . King Cobalt 
.78 C, .30 Mn, 4.20 Cr, 1.75 V, 19.50 W, .75 Mo, 11.50 Co 
trobe . . . Electrite Ultra Cobalt 
.83 C, .25 Mn, .25 Si, 4.00 Cr, 2.00 V, 18.00 W, .80 Mo, 12.00 Co 
McDonald . . . Macco Enormous 
.83 C, .25 Mn, .27 Si, 4.50 Cr, 2.00 V, 22.00 W, 1.00 Mo, 10.00 
Co 
Milne . . . Major 
4.50 Cr, 1.80 V, 21.00 W, .75 Mo, 13.00 Co 
Vanadium-Alloys . . . Gray Cut Cobalt 
.80 C, .25 Mn, .30 Si, 4.25 Cr, 1.60 V, 20.50 W, .60 Mo, 12.25 Co 


T7 . .. TUNGSTEN, 14-4-2 
Lowered tungsten content gives increased toughness with less wear 
resistance. Suitable for intermittent cutting and for sand castings, 
hard alloys, or gritty materials. Forging 1900 to 2000 F, annealing 
1650 F, hardening 2325 to 2350 F. Double temper 2 hr at 1050 F. 
Boyd-Wagner . . . Bowco One Star 

.70 C, .35 Mn, .20 Si, 4.00 Cr, 2.00 V, 14.00 W 
Crucible . . . Rex Champion 

.73 C, 4.00 Cr, 2.00 V, 14.00 W 
Firth Sterling . . . Star Blue Chip 

.73 C, 4.00 Cr, 2.00 V, 14.00 W 
Hawkridge . . . Super Dreadnought 

.73 C, 4.00 Cr, 2.00 V, 14.00 W 
Latrobe . . . Electrite U 

.70 C, 4.00 Cr, 2.00 V, 14.00 W 
T8 . . . COBALT-TUNGSTEN, 14-4-2-5 
SAE ComposiTIon: .80 C, .30 Mn, .30 Si, 4.10 Cr, 2.00 V, 14.00 
W, .80 Mo, 5.00 Co 
Wear resistence exceeded only by T3 combined with good red 
hardness make this steel suitable for severe cutting operations, 
especially stainless steels. It has also given good results on hard die 
blocks, manganese steel castings, and chilled cast iron. 
Carpenter . . . Gold Star 

.77 C, .25 Mn, .30 Si, 3.75 Cr, 2.00 V, 13.75 W, 5.00 Co 
Columbia . . . Maxite 

.73 C, .25 Mn, .30 Si, 4.00 Cr, 2.15 V, 14.00 W, 60 Mo, 4.75 Co 


‘Crucible . . . Rex 95 


80 C, 4.00 Cr, 2.00 V, 14.00 W, .75 Mo, 5.25 Co 
Firth Sterling . . . FS 2-5 

.80 C, 4.00 Cr, 2.00 V, 14.00 W, .75 Mo, 5.25 Co 
Hawkridge . . . Halcomb No. 999 

.80 C, 4.00 Cr, 2.00 V, 14.00 W, .75 Mo, 5.25 Co 
Jessop ... T-8 

.79 C, 4.00 Cr, 2.00 V, 14.00 W, .75 Mo, 5.00 Co 
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Kloster . . . Cobalt 
16 C, .27 Mn, .25 Si, 4.25 Cr, 2.25 V, 14.00 W, .50 Mo, 5.00 Co 
- - Electrite UB 
15 C, -30 Mn, .25 Si, 4.00 Cr, 2.00 V, 14.00 W, .50 Mo, 5.00 Co 
Universal-Cyclops oe BS 
.18 C, 25 Mn, .30 Si, 4.25 Cr, 2.25 V, 14.00 W, .50 Mo, 5.00 Co 


T9 ... TUNGSTEN, 18-4-4 
A high-vanadium steel for extremely abrasive conditions. Runs 
best at high speeds with light cuts. Forging temperature 1950 to 
2050 F, annealing 1650 F, hardening 2275 to 2325 F, double 
temper 2 hr at 1000 to 1050 F. 
Crucible . . . Rex 4-V 

1.25 C, 4.00 Cr, 4.00 V, .75 Mo, 18.50 W 
Hawkridge . . . Dreadnought 4-V 

1.25 C, 4.00 Cr, 4.00 V, .75 Mo, 18.50 W 


TI12 ... TUNGSTEN, 14-4-3 
A tough high-speed steel designed for high resistance to impact. 
Suitable for variable cutting, such as turning through scale and 
broaching. Forging temperature 1900 to 2000 F, annealing 1650 F, 
hardening 2275 to 2325 F, double temper 2 hr at 1000 to 1050 F. 
Crucible . . . Rex 3-V 

1.00 C, 4.00 Cr, 3.00 V, 14.00 W, .75 Mo 


T15... COBALT-TUNGSTEN, 13-4-5-5 
High-vanadium steel for maximum abrasive resistance, principal 
application is for cutting tools. Annealing temperature 1625 F, 
hardening 2270 F, tempering 1000 to 1200 F. 
Allegheny Ludlum ... Panther 5 

1.55 C, 4.75 Cr, 5.00 V, 12.50 W, 5.00 Co 
Houghton & Richards . .. No. 445 

1.50 C, 4.00 Cr, 5.00 V, 14.00 W, 5.00 Co 
Latrobe . . . Electrite Dyna-Van XL 

1.50 C, 4.00 Cr, 5.00 V, 14.00 W, 5.00 Co 
Vanadium-Alloys . . . Vasco Supreme 

1.50 C, .25 Mn, .25 Si, 4.75 Cr, 5.00 V, 12.50 W, 5.00 Co 


HIGH-SPEED TOOL STEELS 


Molybdenum-Base Types 


M1... MOLYBDENUM, 8-2-1 
SAE ComposiTIon: .80 C, .30 Mn, .30 Si, 4.00 Cr, 1.15 V, 1.50 W. 
8.50 Mo 
A general-purpose high-speed steel that can be substituted for T1 
for many applications. It is cheaper and has a lower hardening 
temperature, but requires more care in heating to avoid decar- 
burization. Both toughness and wear resistance are slightly better 
than T1. 
Allegheny Ludlum . . . LMW 

.80 C, .25 Mn, .35 Si, 3.75 Cr, 1.20 V, 1.65 W. 8.75 Mo 
Atlantic . . . Amotun 

85 C, 4.00 Cr, 1.75 V, 1.50 W, 8.00 Mo 
Atlas . . . Mohican 

.80 C, .25 Mn, .30 Si, 4.00 Cr, 1.20 V, 150 W, 9.00 Mo 
Bethlehem . . . HM 

.78 C, 3.85 Cr, 1.05 V, 1.60 W, 8.50 Mo 
Braeburn . . . Mocut 

.80 C, .25 Mn, .25 Si, 4.00 Cr, 1.10 V, 1.55 W, 8.00 Mo 
Carpenter .. . Star Max 

.80 C, .30 Mn, .25 Si, 3.75 Cr, 1.10 V, 1.50 W, 8.50 Mo 
Crucible .. . Rex TMO 

.80 C, 3.75 Cr, 1.15 V, 1.55 W, 8.70 Mo 
Disston . . . Di-Mol 

85 C, 3.75 Cr, 1.00 V, 1.50 W, 9.00 Mo 
Firth Sterling . . . Hi Mo 

81 C, 3.80 Cr, 1.15 V, 1.65 W, 8.80 Mo 
Houghton & Richards . . . Molyhi 

.80 C, 4.00 Cr, 1.15 V, 1.50 W, 8.50 Mo 
Jessop . . . Mogul 

.80 C, .25 Mn, .30 Si, 3.80 Cr, 1.15 V, 1.50 W, 8.70 Mo 
Latrobe . . . Electrite Tatmo XL 

.80 C, .25 Mn, 25 Si, 4.00 Cr, 1.00 V, 1.50 W, 8.00 Mo 
McDonald ... Macco Super Moly 

.80 C, .25 Mn, .24 Si, 3.90 Cr, 1.10 V, 1.70 W, 8.80 Mo 
Peninsular . . . Penco Hi Moly 

.81 C, .25 Mn, .35 Si, 3.75 Cr, 1.15 V, 1.65 W, 8.60 Mo 
Simonds . . . STM 

.80 C, 3.75 Cr, 1.25 V, 1.50 W, 8.75 Mo 
Universal-Cyclops . .. Mo Tung 

.80 C, .25 Mn, .30 Si, 4.00 Cr, 1.15°V, 1.50 W, 8.50 Mo 
Vanadium-Alloys .. . 8-N-2 

.79 C, .20 Mn, .25 Si, 3.75 Cr, 1.10 V, 1.50 W, 8.60 Mo 
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M2... MOLYBDENUM-TUNGSTEN, 6-6-2 
ro map tage 83 C, .30 Mn, .30 Si, 4.10 Cr, 1.90 V, 6.25 W, 
J ° 
A general-purpose high-speed steel with higher red hardness than 
M1. There is less difficulty with decarburization than in the higher 
molybdenum steels, but controlled atmospheres or salt baths are 
desirable. Especially suitable for taps, reamers, twist drills, broaches, 
milling cutters, and lathe and planer tools. 
y Ladium ... DBL-2 
2c, .25 Mn, .30 Si, 4.25 Cr, 1.90 V, 6.40 W, 6.00 Mo 
++ Malax A 
.83 C, 4.15 Cr, 1.90 V, 6.35 W, 5.00 Mo 
Atlas . . . Sixix 
.82 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 6.50 W, 5.00 Mo 
Bethlehem . . . 66HS 
.83 C, 4.15 Cr, 1.90 V, 6.35 W, 5.00 Mo 
Boyd-Wagner . .. Record 66 
.80 C, .30 Mn, .20 Si, 4.50 Cr, 1.50 V, 5.50 W, 4.50 Mo 
burn ... Braemow M-2 
82 C, .25 Mn, .25 sn gaemang 1.90 V, 6.50 W, 5.00 Mo 
Carpenter . . . Speed Si 
82 C, 25 Mn, .25 ‘Si, 4.25 Cr, 1.90 V, 6.25 W, 5.00 Mo 
Columbia . . . Molite 
82 C, .25 Mn, .30 Si, 4.15 Cr, 1.90 V, 6.50 W, 5.00 Mo 
Crucible . . Rex M-2 
.83 C, 4.15 Cr, 1.90 V, 6.40 W, 5.00 Mo 
Darwin & Milner ... MT-6 
85 C, .25 Mn, .25 Si, 4.00 Cr, 1.50 V, 6.00 W, 6.00 Mo 
Delaware . .. M2-HS 
.60 C, .30 Mn, .20 Si, 4.00 Cr, 2.00 V, 6.00 W, 6.00 Mo 
Disston .. . 6N6 
.80 C, 4.00 Cr, 2.00 V, 6.00 W, 5.00 Mo, .50 Cu 
Firth Sterling . . . Star-Mo M2 
.82 C, 4.20 Cr, 1.90 V, 6.50 W, 5.00 Mo 
Great Western . . . 6-6-2 
.80 C, .25 Mn, .30 Si, 4.00 Cr, 1.50 V, 5.75 W, 5.00 Mo 
Hawkridge . . . M-2 Dreadnought 
.83 C, 4.15 Cr, 1.90 V, 6.40 W, 5.00 Mo 
Houghton & Richards . . . No. 57 
.80 C, .25 Mn, .25 Si, 4.00 Cr, 1.90 V, 6.00 W, 5.00 Mo 
Hoyland . . . 6-6-2 
.80 C, .25 Mn, .30 Si, 4.00 Cr, 1.50 V, 5.75 W, 5.00 Mo 
Jessop ... Mustang 
.84 C, 4.20 Cr, 1.95 V, 6.35 W, 5.00 Mo 
Latrobe . . . Electrite Double-Six M-2 XL 
.83 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 6.50 W, 5.00 Mo 
McDonald ... Macco Radio 
.84 C, .24 Mn, .26 Si, 4.00 Cr, 1.90 V, 6.50 W, 5.00 Mo 
McInnis ... Moly High Speed 
.80 C, 4.00 Cr, 1.50 V, 5.50 W, 4.25 Mo 
Milne ... MM 6&6 
85 C, 4.15 Cr, 1.90 V, 6.40 W, 5.00 Mo 
Peninsular . . . Penco 6-6 
.83 C, 4.15 Cr, 1.90 V, 6.35 W, 5.00 Mo 
Republic . . . Special M-O 
.83 C, .30 Mn, 4.00 Cr, 1.90 V, 6.40 W, 5.00 Mo 
Simonds . . . Molva-T 
.80 C, 4.00 Cr, 1.60 V, 5.75 W, 4.50 Mo 
Universal-Cyclops ... Mo Tung 652 
.82 C, .25 Mn, 30 Si, 4.00 Cr, 1.90 V, 6.50 W, 5.00 Mo 
Vanadium-Alloys ... Vasco M-2 
.83 C, .25 Mn, 30 Si, 4.20 Cr, 1.90 V, 6.35 W, 5.00 Mo 
Vulcan Crucible .. . TM-6 
83 C, 4.15 Cr, 1.90 V, 6.40 W, 5.00 Mo. 


M3 ...MOLYBDENUM-TUNGSTEN, 6-6-3 
SAE ComposiTIon: 1.15 C, .30 Mn, .30 Si, 4.10 Cr, 3.25 V, 5.75 W, 
5.25 Mo 
Higher carbon and vanadium content combine for better wear 
resistance than M2. Suitable for difficult cutting and shearing jobs. 
Requires special care in heating. 
Allegheny Ladium . .. DBL-3 
1.15 C, 4.00 Cr, 6.00 W, 5.50 Mo, 3.10 V 
Braeburn . . . Braevan 
1.02 C, 20 Mn, .20 Si, 4.00 Cr, 2.50 V, 6.25 W, 5.75 Mo 
nter ... Super Speed Star 
"1.05 C, .25 Mn, .30 Si, 4.00 Cr, 2.50 V, 6.25 W, 5.50 Mo 
Crucible . . . Rex M3 
1.00! C, 4.00 Cr, 2.75 V, 6.00 W, 5.00 Mo 
Darwin & Milner ... Darwin M-3 
1.10 C, 4.00 Cr, 3.00 V, 5.75 W, 5.00 Mo 
Firth Sterling . .. Van-Chip M3 
1.15 C, 4.10 Cr, 3.00 V, 6.00 W, 5.75 Mo 
Hawkridge t 


.- + M-3 Dreadnough: 
1.00 C, 4.00 Cr, 2.75 V, 6.00 W, 5.00 Mo 
Houghton & Richards . .. No. 7 

1.15 C, .25 Mn, .25 Si, 4.00 Cr, 3.00 V, 6.00 W, 6.00 Mo 
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Jessop ... M-3 

1.00 C, 4.00 Cr, 2.59 V, 6.00 W, 5.50 Mo 
Latrobe . . . Electrite Crusader XL 

1.15 C, .25 Mn, .25 Si, 4.00 Cr, 3.00 V, 6.00 W, 6.00 Mo 
Universal-Cyclops . . . Unicut 

1.00 C, .25 Mn, .30 Si, 4.00 Cr, 2.40 V, 6.25 W, 6.25 Mo 


M4... MOLYBDENUM-TUNGSTEN, 4-5-4 
SAE Composition: 1.30 C, .30 Mn, .30 Si, 4.25 Cr, 4.25 V, 5.75 W, 
5.25 Mo 
Higher carbon and vanadium content than M3 for higher wear 
resistance. Annealing temperature 1600 C, hardening 2225 F, double 
temper 2 hr at 1000 to 1200 F. 
Vanad'um Alloys ... Neatro 

1.27 C, .25 Mn, .30 Si, 4.50 Cr, 4.00 V, 5.50 W, 4.50 Mo 


M6... COBALT-MOLY-TUNGSTEN, 5-4-1-12 
ASM Composirion: .80 C, 4.00 Cr, 1.50 V, 4.00 W, 5.00 Mo. 
12.00 Co 
A steel with high red hardness, having properties similar to T6. 
Suitable for cutting hard materials and heat-treated forgings. Oper- 
ates at higher speeds and feeds than regular hieh-speed steels. 
Forging temperature 1800-1900 F, annealing 1550 to 1600 F, 
hardening 2150 to 2200 F, double temper 1050 to 1100 F. 
Braeburn . . . Congon 

.78 C, .25 Mn, .25 Si, 4.00 Cr, 1.40 V, 4.00 W, 5.00 Mo, 12.00 Co 


M8... MOLY-TUNGSTEN-COLUMBIUM, 4-5-1 
ASM Composition: .80 C, 4.00 Cr, 1.50 V, 5.00 W, 5.00 Mo, 
1.25 Cb 
A columbium-bearing high-speed steel with unusually high wear 
resistance. For general-purpose cutting. Resists decarburization in 
hardening. Forging temperature 1950 to 2050 F, annealing 1550 to 
1575 F, hardening 2225 to 2325 F, temper 1000 to 1025 F. 
Carpenter .. . Star Columb’um 

.80 C, 4.25 Cr, 1.50 V, 5.50 W, 4.50 Mo, 1.25 Columbium 


M10... MOLYBDENUM, 8-0-2 
ASM Composition: .&85 C, 4.00 Cr, 2.00 V, 8.00 Mo 
A tungsten-free high speed steel offering marked economy for small 
tools. Requires care in heating to avoid decarburization. Forging 
temperature, 1900 to 2000 F. annealine 1550 to 1600 F, hardening 
2150 to 2250 F. tempering 950 to 1050 F. 
Allegheny Ludlum... VLM 
85 C, 4.00 Cr. 2.00 V, 8.00 Mo 
Bethlehem .. . M-10 
87 C, 4.00 Cr, 2.05 V, 8.35 Mo 
Cruc’ble ... Rex VM 
8&5 C, 4.00 Cr, 1.90 V, 8.00 Mo 
Firth Sterling .. . FS\1-10 
85 C, 4.25 Cr. 2.00 V, 8.25 Mo 
Houchton & Richards... Moly Van 
8&2 C, 4.00 Cr, 2.20 V, 9.00 Mo 
Jessop ... M-10 
88 C, 4.00 Cr, 2.00 V. 8.90 Mo 
Latrobe . . . Electrite TNW XL 
85 C, 4.00 Cr, 2.00 V. 8.00 Mo 
Universal-Cyciops . . . Mo-Van 
85 C, .25 Mn, .30 Si, 4.00 Cr, 2.10 V, 8.00 Mo 
Vanadium-Allovs . . . Van-l.om 
87 C, .20 Mn, .30 Si, 4.00 Cr, 1.95 V, 8.25 Mo 


M20... COBALT-MOLY-BORON, 8-5-2 
Low hardening temperature and toughness are combined in this 
economical high-speed steel. Suitable for taps. threading dies, form 
tools, and broaches. Forging temperature, 1750 to 1950 F, anneal- 
ing 1550 to 1600 F, hardening 2025 to 2100 F, tempering 1000 to 
1050 F. 
Firth Sterling . .. Mo-Chip 
59 C, .25 Mn, .25 Si, 5.00 Cr, 1.25 V, 8.00 Mo, 2.50 Co. 
.25 Boron 


M30 ... COBALT-MOLY-TUNGSTEN, 8-2-1-5 
ASM Composition: .85 C, 4.00 Cr, 1.25 V, 2.00 W, 8.00 Mo. 
5.00 Co 
High red hardness and wear resistance with loss of toughness 
Recommended for turning chilled iron, locomotive tires, and keat- 
treeted forgings and castines. Subject to decarburization. Forging 
temperature 1850 to 2000 F. annea'ing 1550 F, hardening 2225 to 
2250 F, tempering 1050 to 1100 F. 
Allegheny Ludlum . . . Super LMW 

80 C, 4.00 Cr, 1.50 W, 8.00 Mo, 5.00 Co 
Braeburn . . . Como 

.77 C, .25 Mn. .25 Si, 4.00 Cr, 1.20 V, 1.55 W, 8.50 Mo, 5.00 Co 
Crucible .. . TMO-5 

88 C, 4.00 Cr, 1.25 V, 2.00 W, 8.00 Mo, 5.00 Co 
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Sterling . . . Super Hi-Mo 
.84 C, .25 Mn, .25 Si, 4.00 Cr, 1.25 V, 1.80 W, 8.50 Mo, 5.00 Co 
.80 C, .30 Mn, .30 Si, 4.00 Cr, 1.20 V, 1.50 W, 8.50 Mo, 5.00 Co 
Houghton & Richards ... Super Molyhi 
8&2 C, .25 Mn, .32 Si, 4.00 Cr, 1.25 V, 1.50 W, 8.50 Mo, 5.00 Co 
Universal-Cyclops . . . Super Mo-Tung 
82 C, .25 Mn, .30 Si, 4.00 Cr, 1.25 V, 1.50 W, 9.50 Mo, 5.00 Co 


M34... COBALT-MOLY-TUNGSTEN, 8-2-2-8 
ASM Composilion: .85 C, 4.00 Cr, 2.00 V, 2.00 W, 8.00 Mo, 
8.00 Co 
Crucible . . . TMO-8 
.88 C, 4.00 Cr, 2.00 V, 2.00 W, 8.00 Mo, 8.00 Co 


M36 .. . COBALT-MOLY-TUNGSTEN, 6-6-2-8 
SAE Composition: .85 C, .30 Mn, .30 Si, 4.10 Cr, 2.00 V, 6.00 W, 
5.00 Mo, 8.00 Co 
Analysis of this steel is essentially the same as M2 with the addi- 
tion of 8% cobalt. This provides higher red hardness and consider- 
ably better wear resistance. Toughness is low, though better than 
the tungsten equivalent, T5. Suitable for cutting gritty materials, 
heat-treated alloy steels, and stainless steels. 
Allegheny Ludium . .. Super DBL 

82 C, .40 Mn, .40 Si, 4.25 Cr, 1.65 V, 5.50 W, 4.25 Mo, 7.75 Co 
Crucible . . . Rex M2-5 

83 C, 4.15 Cr, 1.90 V, 6.40 W, 5.00 Mo, 5.00 Co 
Firth Sterling . . . Circle “M” 

.84 C, .25 Mn, .25 Si, 4.10 Cr, 1.80 V, 5.50 W, 4.50 Mo, 9.00 Co 
Houghton and Richards . .. Cobalt Moly 

88 C, .25 Mn, .25 Si. 4.10 Cr, 1.90 V, 6.00 W, 6.00 Mo, 9.00 Co 
Latrohe .. . Electrite CO-6 

.90 C, .25 Mn, .30 Si, 4.00 Cr, 2.00 V, 6.00 W, 5.00 Mo, 9.00 Co 


M38A ... COBALT-MOLY-TUNGSTEN, 6-6-5-5 
Similar to M36 but with only 5% cobalt and increased vanadium 
for better wear resistance. 
Latrobe . . . Electrite UB-4M 

1.50 C, 4.50 Cr, 4.75 V, 6.50 W, 5.00 Mo, 5.00 Co 


M40 . . . COBALT-MOLY-BORON, 8-4-1-8 
More highly alloyed than M20, this steel has wear resistance said 
to be several times that of other high-speed steels. Suitable for heat- 
treated steel, cast iron, brass, plastics, and other abrasive materials. 
Hardening temperature 2125 to 2175 F, double temper 2 hr at 
1025 to 150, 
Firth Sterling . . . Super Mo-Chip 

.60 C, .25 Mn, .25 Si, 4.20 Cr, 1.80 V, 1.70 W, 8.20 Co, .50 Boron 


M52 ... MOLY-CHROME-VANADIUM, 4-4-2 
Low alloy content of this group of steels suits them for applications 
not requiring full high-speed properties. Applications are body stock 
for carbide-tipped drills and reamers, wood cutters, pipe taps, 
thread chasers. and small drills. 
Houchton & Richards ... No. 59 

88 C, .30 Mn, .25 Si, 4.00 Cr, 2.00 V, 4.30 Mo 


SPECIAL-PURPOSE TOOL STEELS 


Low-Alloy Types 


12... CHROME-VANADIUM 
ASM Composition: .50-1.10 C, .60 Mn, .25 Si, 1.00 Cr, .20 V 
Toughness is combined with ease of heat treatment and some hot- 
work properties. Suitable for die-casting, dies (for Zinc), chisels, 
shear blades, and punches. Forging temperature 2000 to 2050 F, 
annealing 1425 F, hardening 1675 F, tempering 350 or 950 F. 
Allegheny Ludlum . . . Caroga 

.50 C, .70 Mn. .95 Cr, .20 V 
Rethichem .. . Touch M 

.45 C, .5§ Mn, .20 Si, .95 Cr, .20 V 
Craine-Schrage . . . Crasco Yellow Label 

.50 C, .80 Mn, 1.00 Cr, .20 V 
Crucible . . . Halvan 

.50 C, .80 Mn, 1.00 Cr, .20 V 
Disston . . . Mix 874 

.50 C, .70 Mn, .85 Cr, .18 W 
Firth Sterling . . . Demmler D 

.50 C, .85 Mn, .25 Si, 1.00 Cr, .20 V 
Houghton & Richards . . . No. 85 

.50 C, .80 Mn, 1.00 Cr, .20 V 
Jessop ... ET No. 6 

.50 C, .80 Mn, .20 Si, .95 Cr, .17 V 
Latrobe . . . Crown 

.50 C, .80 Mn, 1.00 Cr, .20 V 
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Latrobe . . . Superb 

-75 C, 1.00 Cr, .20 V 
Peninsular . . . Green Label 

-50 C, .80 Mn, 1.00 Cr, .20 V 
Universal-Cyclops . . . Orion 

-50 C, .60 Mn, .25 Si, 1.00 Cr, .20 V 
Vanadium Alloys . . . Types D, G, H, K, N 

.80 Cr, .20 V; D, .50 C; G, .60 C; H, .70 C; K, .80 C; N, 90 C 
Vulcan Crucible . . . Auto 

-35 or .50 C, 1.00 Cr, .25 V 
Vulcan Crucible . . . Hecla 

50 C, .65 Mn, 1.00 Cr, .25 V, W 


L3... CHROMIUM 
ASM Composition: 1.00 C, 1.50 Cr, .20 V 
Firth Sterling . .. AW Special 

1.00 C, .20 Mn, .25 Si, 1.40 Cr, .20 V opt 
Vanadium Alloys ... Type BB 

1.00 C, 1.40 Cr, .20 V 


L6 ... CHROME-NICKEL 
SAE Composition: .75 C, .70 Mn, .25 Si, .85 Cr, .25 V opt, .50 Mo 
opt, 1.50 Ni 
Toughness is the principal characteristic of this steel, being nearly 
as good as in the S group. Non-deforming properties are not as 
good as the other steels in this group, but are adequate for many 
applications. Suitable for punches, blanking, and forming dies. 
shear blades with intricate cutting edges, and forming rolls. 
Allegheny Ludlum .. . Tioga 

-68 C, .60 Mn, .25 Si, .65 Cr, .20 Mo, 1.40 Ni 
Atlantic .. . Die Steel 

-.70 C, .40 Mn, .25 Si, 1.00 Cr, 1.60 Ni 
Bethlehem .. . Bethalloy 

-75 C, .75 Mn, .90 Cr, .35 Mo, 1.75 Ni 
Carpenter ... RDS 

.75 C, .35 Mn, .25 Si, 1.00 Cr, 1.75 Ni 
Crucible . . . Champaloy 

-75 C, .70 Mn, .75 Cr, .30 Mo, 1.50 Ni 
Darwin & Milner . . . Temper Tough 

.75 C, .70 Mn, .75 Cr, .30 Mo, 1.50 Ni 
Disston . . . N’croman 

.70 C, .45 Mn, .20 Si, 1.00 Cr, 1.65 Ni 
Houghton & Richards ...N 150 

C per temper, .55 Mn, .30 Si, .85 Cr, .42 Mo, 1.40 Ni 
Jessop ... Extra Tough No. 4 

-10 C, .65 Mn, .55 Cr, 1.30 Ni 
McInnis . . . Special Chrome-Nickel 

-170 C, .65 Mn, .55 Cr, 1.50 Ni 
Peninsular . . . Pen-O-Four 

.70 C, .55 Mn, .30 Si, .65 Cr, .30 Mo, 1.35 Ni 
Universal-Cyclops ...N 9 

-75 C, .45 Mn, .20 Si, 1.00 Cr, 1.50 Ni 
Vanadium-Alloys ... Nikro M 

-70 C, .55 Mn, .30 Si, .85 Cr, .25 Mo, 1.40 Ni 


7... CHROMIUM 
SAE Composition: 1.00 C, .35 Mn, .25 Si, 1.40 Cr, .40 Mo 
Better red hardness than Ol and O2. Toughness is slightly better 
than O1, not so good as O2. Safety in hardening slightly less than 
other oil hardening grades. Suitabie for some hot press work, ring 
dies, swaging tools and dies, taps, broaches, and gages. 
Allegheny Ludlum ... Teton 
1.00 C, 1.35 Cr 
Allegheny Ludium ... Ludlum XCM 
1.20 C, 1.40 Cr, .45 Mo 
Atlas... KK 
1.10 C, .40 Mn, .20 Si, 1.40 Cr, .40 Mo 
Boyd-Wagner . . . Bowco 7720 
1.20 C, .55 Mn, .30 Si, 1.65 Cr, .45 Mo 
Braeburn ... Viking 
1.00 C, .35 Mn, .25 Si, 1.40 Cr, .40 Mo 
Crucible . . . Halcomb SS Tool 
1.00 C, .35 Mn, 1.20 Cr, .30 Mo 
Darwin & Milner .. . Chrome Roll 
1.00 C, .30 Mn, 1.20 Cr, .30 Mo 
Diehl . . . Hollobar Tubing 
1.00 C, .30 Si, 1.50 Cr, .60 Mo 
Firth Sterling .. . AW Special 
1.00 C, .25 Si, .35 Mn, 1.45 Cr, .20 V 
Hawkridge . . . SS Extra 
1.00 C, .35 Mn, 1.20 Cr, .30 Mo 
Houghton & Richards ... No. 135 
1.00 C, .35 Mn, .25 Si, 1.50 Cr 
Latrobe . .. M Chrome 
1.00 C, .35 Mn, .25 Si, 1.50 Cr 
Peninsular . . . Hollobar 
1.00 C, .40 Mn, 1.10 Cr, .30 Mo 
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--.- UAS 
1.00 C, .35 Mn, 1.35 Cr, .35 Mo 
Universal-Cyclops . . . Alloy B 
1.05 C, .35 Mn, .30 Si, 1.35 Cr 


SPECIAL-PURPOSE TOOL STEELS 


Carbon-Tungsten Types 


Fl... CARBON-W (FINISHING) 
ASM Composition: 1.00 C, 1.25 W 
These steels become intensely hard after quenching in water or 
brine. They maintain a sharp cutting edge under abrasive conditions 
with light loads and low speeds. Primarily they are for light finish- 
ing cuts on hard materials when an exceptionally smooth surface 
is required. 
Atlas ... Denine 

1.25 C, .25 Mn, .25 Si, 1.40 W 
Carpenter . . . Berkshire 

1.20 C, 1.35 W 


F2 ... CARBON-WW (FINISHING) 
ASM Composition: 1.25 C, 3.50 W 
This steel has better abrasion resistance than F1 because of the 
higher tungsten, but is more difficult to grind. 
Bethlehem . . . BFS 

1.30 C, .28 Mn, 3.50 W 
Carpenter ... K-W 

1.30 C, .30 Mn, .30 Si, 3.50 W 
Crucible . . . Double Special 

1.30 C, 3.50 W 
Darwin & Milner .. . E-E 

1.42 C, .25 Mn, .22 Si, .15 Cr, .30 V, 4.00 W 
Great Western . . . 350-Fast Finishing 

1.30 C, .30 Mn, .45 Si, 3.50 W 
Houghton & Richards . . . Gold Label 

1.33 C, .35 Mn, .49 Si, 4.25 W, .35 Mo 
Hoyland . . . 350 

1.30 C, .30 Mn, .45 Si, 3.50 W 
Republic . . . Fast Finishing 

1.35 C, 3.50 W 
Timken . . . Graph-Tung (graphitic tool steel) 

1.50 C, .50 Mn, .65 Si, 2.80 W, .50 Mo 
Universal-Cyclops . . . Saturn 

1.25 C, .25 Mn, .30 Si, 3.50 W 
Vanadium-Alloys . . . Colonial No. 4 

1.30 C, 3.50 W 
Vulcan Crucible . . . Regal 

1.35 C, 3.50 W 


F3.... CARBON-CHROME-WW (FINISHING) 
ASM Composition: 1.25 C, .75 Cr, 3.50 W 
Addition to F2 of chromium provides deeper hardening, making 
this steel more suitable for large tools. 
Atlas... XXX 
1.35 C, .30 Mn, .35 Cr, 3.75 W 
Columbia . . . Double Special 
1.30 C, .30 Mn, .25 Si, .30 Cr, 3.50 W 
Firth Sterling . . . RT Steel 
1.30 C, .35 Mn, .25 Cr, 3.50 W 
Jessop . .. Rapid Finishing 
1.35 ©, .75 Ca, 3.75 W 
Latrobe ... ESA 
1.40 C, .50 Cr, .30 V, 4.00 W 


SPECIAL-PURPOSE TOOL STEELS 
Mold Steels 


Pl... STRAIGHT IRON 
ASM Composition: .10 max C 
A case-hardening mold steel for cold-hubbed cavities. Annealing 
temperature 1550 to 1600 F, carburize at 1600 to 1650 F, reheat 
te 1425 to 1450 F and quench in water or brine. Temper at 300 F. 
Atlas . . . Hobbing Iron 

.06 C, .15 Mn, .15 Si 
Bethlehem . . . Duramold C 

.10 C, .15 Mn, .10 Si 
Carpenter . . . Mirromold 

.10 C, .20 Mn, .10 V 
Darwin & Milner . . . Hobalite 

.05 C, .15 Mn, .10 Si 





How to work STEEL . . . tool and die 


Great Western .. . Rema 
05 C, .20 Mn, .10 Si 
Hoyland . . . Rema 
05 C, .20 Mn, .10 Si 
Latrobe . . . LCX 
.05 max C, .03 max Cr 
McDonald .. . Macco Hobomold 
.04 C, .20 Mn, .16 Si 
Peninsular . . . Hob-A-Form 
.06 max C, .15 Mn, .10 max Si 
Republic . . . Plastic Die 
.08 max C, .10 max Mn 
Uddehoim .. . UHB Forma 
05 C, .10 Mn, .10 Si 
Vulcan Crucible . . . Plastic Die 
.07 C. max 


P2... CHROME-NICKEL-MOLY 


ASM Composition: .07 max C, 1.25 Cr, .20 Mo, .50 Ni 
Higher core strength than Pl, but not quite as good hubability. 
Forging 1900 to 2000 F, annealing 1450 F, carburizing 1650 F, 
hardening 1525 to 1550 F, tempering 350 to 400 F. Oil quench. 
Crucible . . . Formold 

.07 max C, 2.00 Cr, .20 Mo, .55 Ni 
Vulcan Crucible . . . Vulmold 

.10 max C, .30 Mn, 1.40 Cr, .25 Mo, .50 Ni 


P3... NICKEL ALLOY 


ASM Composition: .10 max C, .60 Cr, 1.25 Ni 
Properties similar to P2. Carburize and oil quench 
Peninsular .. . Pen Hob 

-10 max C, .50 Mn, .60 Cr, 1.25 Ni 


P4...5% CHROME AIR HARD 


ASM Composition: .07 max C, 5.00 Cr 
Better core strength and hubability than P2 or P3. Best safety in 
hardening and good wear resistance. Suitable not only for plastic 
molds, but for zinc and aluminum die casting. Forging 2000 to 
2050 F, annealing 1600 F, carburizing 1725 to 1750 F, tempering 
800 F. Air quench. 
Bethlehem . .. Duramold A 

07 C, .40 Mn, .25 Si, 4.50 Cr, .45 Mo 
Carpenter .. . Super Samson 

10 C, .30 Mn, .20 Si, 5.00 Cr, .25 V, .90 Mo 
Peninsular . . . Penco ACS 

07 C, .40 Mn, .25 Si, 4.50 Cr 
Uddeholm . . . UHB Premo 

04 C, .10 Mn, .10 Si, 3.90 Cr, .50 Mo 


P5...2% CHROMIUM 
ASM Composition: .10 max C, 2.25 Cr 
Good hubability and high strength. Annealing temperature 1600 F, 


process annealing 1325 F, carburizing 1600 F, tempering 200 to 
300 F. Water or brine quench. 
Bethichem . . . Duramold B 
.06 C, .30 Mn, .15 Si, 1.00 Cr, .25 Mo, Boron added 
Samson Extra 


Carpenter 
.10 C, .30 Mn, .20 Si, 2.30 Cr 
P6A ... NICKEL-VANADIUM 


An age hardening die-casting steel for zinc die casting and plastic 
molds. 
.14 C, .12 Cr, .50 V, 4.00 Ni 


P7A ... CHROME-NICKEL 


High core strength. Can be hubbed slightly but not suitable for 
deep hubbing. Good machinability. Forging 1900 to 2000 F. car- 
burizing 1625 F, hardening 1450 F, tempering 300 F. Oil quench. 
Bethlehem . . . Duramold N 

10 C, .50 Mn, .25 Si, 1.50 Cr, 3.50 Ni 
Carpenter . . . No. 158 

10 C, .50 Mn, 1.50 Cr, 3.50 Ni 
Crucible . . . Crusco 12-B 

.10 C, .50 Mn, 1.60 Cr, 3.50 Ni 


P8A... 1% CHROMIUM 


Suitable for cold-hobbed plastic mold dies. Oil hardening. 
Great Western ... Rema B 

06 C, .30 Mn, .15 Si, 1.00 Cr, .25 Mo 
Hoyland ... Rema B 

.06 C, .30 Mn, .15 Si, 1.00 Cr, .25 Mo 


P20...1% CHROMIUM 
Suitable for short-service die-casting dies or plastic mold dies 
Allegheny Ludlum . . . FCC-6 (Forgings and castings only) 
.38 C, .80 Mn, .95 Cr, .18 V 
Bethlehem . . . Multimold 
.35 C, .70 Mn, .45 Si, .80 Cr, .30 Mo 
Crucible . . . CSM-2 
.30 C, .75 Mn, .50 Si, .80 Cr, .25 Mo 
Jessop ... Dica A 
.42 C, .75 Mn, .25 Si, 1.00 Cr, .20 Mo 
McDonald . . . 99 
.35 C, .80 Mn, .60 Si, .85 Cr, .35 Mo 
Vanadium-Alloys . . . Speed-Cut 
.40 C, .90 Mn, 1.10 Cr, .50 Mo 


P21A... 13% CHROMIUM 


Shallow hubbing is possible after a special anneal. For maximum 
corrosion resistance harden at 1800 to 1900 F. Temper at 300 to 
400 F. 
Carpenter . . . Stainless No. 2 Mold steel 
.30 C, 13.00 Cr 
ddeholm . . . UHB Stainless 31 


U 
18 C, 13.50 Cr, .70 Ni 





Basic suppliers of steels in this list 


Short versions of company names used throughout the list are indicated by bold-face type 


Allegheny Ludlum Steel Corp, Pittsburgh 22, Pa 

Amalgamated Steel Corp, Broadway and Wire Ave, Newburgh Mill 
Dist, Cleveland 5, Ohio 

Anchor Drawn Steel Co, see Vanadium-Alloys 

Atlantic Stee] Corp, 1775 Broadway, New York 19, N Y 

Atlas Steels Ltd, Welland, Ontario, Canada 

Bethlehem Steel Co, Bethlehem, Pa 

Boyd-Wagner Co, 1440 W Lake St, Chicago 7, Ill 

Braeburn Alloy Steel Corp, Braeburn, Pa 

The Carpenter Steel Co, Reading, Pa 

Colonial Steel Div, see Vanadium-Alloys 

Columbia Tool Steel Co, Lincoln Highway and State St, Chicago 
Heights, Ill 

Craine-Schrage Steel Div, Detroit Steel Corp, 13770 Joy Rd, 
Detroit 28, Mich 

Crucible Steel Co of America, Oliver Bldg, Pittsburgh 30, Pa 

Darwin & Milner, Inc, 2345 St Clair Ave, Cleveland 14, Ohio 

Delaware Tool Steel Corp, Wilmington, Del 

Diehl Steel Co, 236 Broadway, Cincinnati 2, Ohio 

Henry Disston & Sons, Inc, Philadelphia 35, Pa 

Faitoute Iron & Steel Co, Inc, 182 Frelinghuysen, Newark 5, N J 
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Firth Sterling Inc, 3113 Forbes St, Pittsburgh 30, Pa 

Great Western Steel Co, Inc, 1011 East 61st St, Los Angeles 1, Calif 
Hawkridge Brothers Co, 303 Congress St, Boston, Mass 

Houghton & Richards Inc, 19 Jersey St, Boston 15, Mass 

Hoyland Steel Co, 405 Lexington Ave, New York 17, N Y 

Jessop Steel Co, Washington, Pa 

Kloster Steel Corp, 224-228 N. Justine St, Chicago 7, Ill 

Latrobe Electric Steel Co, Latrobe, Pa 

P F McDonald & Co, 17 King Terminal, Boston 27, Mass 
McInnes Steel Co, 441 E Main St, Corry, Pa 

A Milne & Co, 741 Washington St, New York 14, N Y 

The Peninsular Steel Co, 1030-40 McDougall Ave, Detroit 7, Mich 
Republic Steel Corp, 1970 Carter Rd, Cleveland, Ohio 

Joseph T Ryerson & Son, Inc, 16th & Rockwell Sts, Chicago, Il 
Simonds Saw & Steel Co, Lockport, N Y 

Tennessee Coal & Iron Div, U S Steel, Fairfield, Ala 

The Timken Roller Bearing Co, Steel & Tube Div, Canton 6, Ohio 
Uddeholm Co of America Inc, 155 East 44th St, New York 17, N Y 
Universal-Cyclops Steel Corp, Universal Div, Bridgeville, Pa 
Vanadium-Alloys Steel Co, Latrobe, Pa 

Vulcan Crucible Stee] Co, Aliquippa, Pa 
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stainless steel parts economically 


Make them out of ENDURO Stainless Steel Cold Drawn 
Bars. Then you get high production rates from your auto- 
matics, plus all the high physical and chemical properties 
you want from stainless steel. 


Here’s how one manufacturer does it: Edward Valves, Inc, 
East Chicago, Ind., makes a new MUDWONDER Valve 
used in the oil fields. It must have high resistance to corrosion and long life. 
Valve stems are made of ENDURO Cold Drawn Types 410 and 416. 
And Edward methods engineers say they get good production for 
these reasons: 
1. High speeds and feeds can be used 
2. Surface finish is excellent 
3. Tool life is longer, down-time for re-grinding is less 
You can have these same advantages in your stainless steel parts, by 
specifying ENDURO Cold Drawn Bars. And Republic metallurgists will 


be glad to help you choose the right grades for best production on 
your present machines. Write to: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division + Massillon, Ohio 
GENERAL OFFICES a CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


Other Republic Products include Carbon and Alloy Steels — Titanium — Pipe, Sheets, Strip, Bars, Wire, Pig tron, Bolts and Nuts, Tubing 
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MACHINE 

TOOL 
MODERNIZATION 
THAT 

PAYS 


COVEL NO. 22 
UNIVERSAL 
CUTTER AND 
TOOL GRINDER 


Swings work 10%” dia. x 30” # 
between tailstock centers. 

Face mill capacity over 
sub-table, 18”. 


Write for Bulletin PB-2253 


HYDRAULIC HIGH SPEED SURFACE GRINDERS 
No. 20 No. 60 No. 35 
Work Capacity 6”x18"x12" High 8"x24"x11" High 14°x24"x15" High 
Grinding Wheel 10°x%“x3" 12°x% "x3" 14°x1"x3”" 


Write for Bulletin PB-20? PB-353 PB-603 


: 
ot 
- Pa 


<a COVEL No. 10 
J ae HAND OR POWER FEED 
e SURFACE GRINDER 


Work Capacity 6°x18"x15" High 
Grinding Wheel 7" x¥a"xi Va" 


Write for Bulletin PB-104. 
. Oe a aes Se 


ena TES 


INVESTIGATE COVEL’S 
RETIREMENT PLAN FOR 
OUT-OF-DATE MACHINES 


COVEL No. 15 HAND FEED 
SURFACE GRINDER 


Work Capacity 6"x18"x10" High 
Grinding Wheel 10°x%“x2'2” 


Write for Builetin PB-151. 


COVEL No.12) “a, 
UNIVERSAL CUTTER 
AND TOOL GRINDER 


Swings work 10%” dia.x 24” be- 
tween tailstock centers. Face mill 
capacity over sub-table, 14” 


Write for Bulletin PB-122. 


BENTON HARBOR 
MICHIGAN 
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production have rewarded Ex-Cell-O Co 
poration with steady growth since 191 
That's 35 years. 





You have experienced, over these years, the 


stepping-up of accuracy and speed in high © 








production. Many times Ex-Cell-O machines ~ 


and methods showed the way. 


Your profit-insurance for tomorrow depends 
largely on the machines you buy today. You 
can depend on Ex-Cell-O! © 


EX-CELL-O| 


eit; one each in Fostoria and Lima, 
Ohio; one in Gorwood, N. J.; one in 
~ London, Ontario; one in Leicester, England. MANUFACTURERS OF PRECISION MACHINE TOOLS + GRINDING SP 
CUTTING TOOLS + RAILROAD PINS AND BUSHINGS * DRILL JIG BU: 
AIRCRAFT AND MISCELLANEOUS PRODUCTION PARTS » DAIRY EQU 











No. 8A Tool Maker's Precision Lathe 


A variable speed feed for the feed rod is avail- 
able as optional equipment. It provides an 
independent powered longitudinal or cross feed 
which permits the operator to change the rate 
of feed while the tool is under cut to secure the 
desired work finish during turning, facing or 


Telkeep poce wih you competion, youneed ——orng peratin Tha oa offend fs once 
the latest, most efficient production machines you ; 

can buy. Here are four that are remarkably accurate 
-— designed and built throughout for precision work 
to close tolerances. Some of the features on each 
machine are patented and exclusive. All machines 
are carefully described in Bulletins, 
available on request. 


No. 73 Standard Bench Lathe 
Write to § 53 RIVER STREET 


THE WA DE TO o L c O. See 


wWRAYTHMAM eS as ee ee AMERICAN INDUSTRY 
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How to maintain extreme spindle precision 
from low to very high speeds: 
TIMKEN* bearings with semt-flexible mounting 








































































































J 
SJ 














HE Timken Company has an ingenious solution 

to the problem of maintaining a high degree of 
spindle precision in machine tools. At high speeds, 
bearings expand. Normally this would cause the 
bearings in a precision mounting to tighten up and 
become excessively preloaded. But engineers at the 
Timken Company have developed a semi-flexible 
mounting. The rear spindle bearing is mounted in a 
special carrier. The carrier is designed to permit 
the rear bearing to expand radially while the entire 
spindle assembly expands longitudinally. As a result 
the desired bearing setting is maintained under all 
operating speeds. Extreme spindle accuracy is main- 
tained at all times. 


Timken® tapered roller bearings with these mount- 
ings have been applied to the spindles of many types 
of machine tools with great success. Of course not 
all machine tool spindles are required to operate at 


WOT JUST A BALL’) NOT JUST A ROLLER 
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THE TIMKEN TAPERED ROLLER 


BEARING TAKES RADIAL | AND THRUST 


A SPECIALLY DESIGNED bearing carrier permits 
bearings to expand at high speeds, assures 
extreme spindle accuracy at all times. 


high speeds and over a variable range of speeds. The 
conventional Timken spindle mounting is entirely 
adequate for most machines. 

Whatever your requirements, there are Timken 
tapered roller bearings to meet them. If not we'll 
find a new way, as we did when machine tool build- 
ers originally asked for precision bearings. And as 
we did when they asked for greater accuracy, which 
led to the famed Timken “O” and “OO” bearings. 
The Timken Roller Bearing Company, Canton 6, 
Ohio. Canadian plant: St. Thomas, Ontario. Cable 
address: ““TIMROSCO”. 


TIMKEN 


RADE-MARK REG. U. S. PAT 


TAPERED ROLLER BEARINGS 


LOADS OR ANY COMBINATION — |) ) 
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Efficiency in Cutting-opp is Important 


Practically all machining operations start with pieces cut- 
off from bars or billets. Hence, inefficiency, or lack of capa- 
city, in the cut-off department can hold up or stagnate the 
entire plant. 





Efficiency of cutting-off operation 
is measured by 

Are all-ball-bearing and provide a 
quick return; therefore they run 
FASTER than others on the same - FEED PRESSURE. 
work. . LABOR TIME. 


Can apply as much as 1200 pounds ee -)9-\) a 
feed pressure—two to ten times as 
much as other hack saws and band 
saws. 

Are fully automatic, requiring no 
more operator attention than an auto- 
matic screw machine; and set-up for 
any bar size and cut-off length is 
extremely simple. 

Use a non-breakable high speed 
hack saw blade—the type of saw 
blade that produces the greatest 
number of square inches of metal cut 
per dollar of blade cost—two to ten 
times (or more) as much as any 
band saw. 

Because of their exceptional sturdiness, ball bearing 
reciprocating frame, ability to tension the blade 
“truly taut”, their accuracy is dependable. 


MACHINE SPEED. 


ACCURACY. 








If you are not using modern, improved MARVEL NO. 6A and 9A production 
hack saws, call the local MARVEL Field Engineer and get his productior: 
and cost estimates on your work—to compare with your experience records. 


THE MARVEL 

NO. 6A AND 9A 
HEAVY DUTY HACK 
SAWING MACHINES 





Formula for Accuracy in Metal 


Sawing : lien qth 


ACCURACY = [stresahtne $$ 
Sqguareness 








eet’). ( CC CMCILESAMEE The composite MARVEL High-Speed-Edge 

Squareness SITE Cate Hack Saw Blade—cuts any machinable mate- 
rial efficiently. There is no time lost chang- 
ing blades for different types of steel; no 
time lost replacing shattered blades, because 
MARVEL High-Speed-Edge Hack Saw 
Blades are positively unbreakable. These su- 
perior blades have the finest high speed steel 
cutting edge welded to a strong alloy steel 
body. They will stand-up under the highest 
speeds and heaviest feeds attainable on any 
make hack saw. Can be safely tensioned 
tauter than any other blade—cut-off not only 
straight but also square and with less stock 
loss. 
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METAL Sawing has been made an efficient 


No. 4B 
Capacity 
6” x 6” 


In developing the faster-cutting, longer-lasting unbreakable 
High-Speed-Edge hack saw blade; in developing higher speed, 
heavier all-ball-bearing hack sawing machines and a uni- 
versal band sawing machine; in providing a complete line of 
metal sawing machines of various types, each type best suited 
to a particular range of work, MARVEL offers the most effi- 
cient and economical method of cutting-off steel bars and 
billets of both mild steels and the toughest alloys. 


Modern MARVEL Metal-Sawing can reduce costs, can reduce 

chip loss, can save hours of machining time. To help you apply 

these advances in the art of metal sawing, to your profit, 

MARVEL maintains a nation-wide staff of Metal Sawing 

Engineers as a technical service to industry. At your re- 

quest one of these competent experts will be glad to go over Capacity 
your metal sawing problems or questions with you, 18” x 18” 
recommend methods and equipment and quote 
prices and comparative costs. Feel free to avail 
yourself of the service. 


No. 18 
Capacity 
18” x 18” 


; 
SSE ~ 
ee ee 
\ # 


| ie 
Vy) 


Capacity 
a oh 


Better Machines- ~Better Blades 


o 


ARMSTRONG-BLUM MFG., co. 


5700 BLOOMINGDALE AVENUE CHICAGO 39. ILLINOIS 
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aoe sa conae se nee 


25”. Hydraulic Tracer Lathes 


42 “48 ” 
Super-Productive 
Lathes 





LATHES...» 











Oe ee 


3’-4’-5’ Arms, 9” and 11” Columns 4°5’-6"-7’ Arms, 13”-15”-17” Columns 
Hole Wizards Hole Wizards 








«+++ RADIALS 








TOP TO BOTTOM 


Maximum width of stock that can be han- 
died, 3”. Feed length obtainable, 12 1/2”. 
Overall size of Machine 57” high by 55” 
wide by 147” long. Net weight, 9560 
pounds. Motor, 7 1/2 HP. 


Maximum width of stock that can be han- 
died, 2 1/2”. Feed length obtainable, 
12 1/2”. Overall size of Machine, 54” high 
by 49” wide by 120” long. Net weight, 
5900 pounds. Motor, 5 HP. 


Maximum width of stock that can be han- 
died, 1 1/2”. Feed length obtainable, 8”. 
Overall size of Machine, 50” high by 38” 
wide by 80” long. Net weight, 2600 pounds. 
Motor, 2 HP. 


Maximum width of stock that can be han- 
died, 3/4”. Feed length obtainable, 3”. 
Overall size of Machine, 44” high by 40” 
wide by 66” long. Net weight, 1090 pounds. 
Motor, 1 1/2 HP. 


These four machines are de- 
scribed im detail in Bulletin 
15-A. Write for your copy. 


WAS 
PRODUCTS | 


WY 


yee) I 
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The formed stampings illustrated above are just a few of the many differ- 
ent types and sizes of parts that can be produced rapidly, accurately 
and efficiently in U. S. Multi-Slides.®° There are four standard models of 
U. S. Multi-Slide Machines for producing parts ranging in size up to 3” in 
width. Specifications of these machines are given at the left. 


Produce Parts Complete—Reduce Costs—tIncrease Production 
One of the outstanding features of these machines is their ability to pro- 
duce, complete at each stroke, parts which would ordinarily require sec- 
ondary operations and handlings if produced on conventional presses. Be- 
cause formed stampings are produced uniformly and to close tolerances 
with U. S. Multi-Slides, quality is improved and yet the number of neces- 
sary inspections is reduced. 


Get Greater Versatility 

The various movements obtainable on U. S. Multi-Slides are provided by 
units which are part of the machine equipment, and do not have to be 
built into the tools. Tools for any one size of U. S. Multi-Slide can be used 
with any other U. S. Multi-Slide of the same size. 


If your production involves piercing, trimming, embossing, swaging, stamp- 
ing, forming and similar operations, write for a copy of Bulletin 15-A, 
which gives complete specifications of all four U. S. Multi-Slides. 


2 





@ Trade Mark Registered U. S. Patent Offic: 


AMPERE (East Orange) 


COMPANY, Inc. “5292 





Inland Steel 
aligns roll grinders 
with Engis 


Optical Tooling 





THE PROBLEM: To exactly align ways 
of re-located roll grinders at Inland 
Steel Company, Indiana Harbor. 


THE SOLUTION: Taylor-Hobson Micro- 
Alignment Telescope was set in a 
“V" mounting at the end of one 
way, and sighted into a target at the 
far end. Precise horizontal and ver- 
tical alignment readings were made 
from movable target at intermediate 
points. This procedure was then re- 
peated for second way. Parallelism 
between ways was then checked by 
telescope and precision block level. 


eo 


Taylor-Hobson Micro-Alignment Telescope 


NY £ 
. ie = C%m /\) 
Cgity- + * Sales 
os <a 
So 


— 
~_ i 
: 


Standard 2%" 
Displacement 
Target 


with Micrometers reading directly to .001 inch. 


Engis Optical Tooling Instruments assure speed 


and precision in checking machines, components, and 


assemblies. Portable, interchangeable and self-checking, they 


are not affected by temperature change, wear, or deflection due to weight. 


Exactness of alignment procured — straight, square, 


parallel or angular — surpasses any other method. 


The most complete range of equipment, 
and the longest optical tooling e % G i ‘ EQUIPMENT COMPANY 


experience in the industry, 


are at your service. 431 S. Dearborn St. « Chicago 5, Ili 
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JONES & LAMSON ENABLES YOU TO 
ACQUIRE MODERN MACHINE TOOLS 
ON TERMS THAT SUIT YOU BEST 


Jones & Lamson’s new 3-Way Marketing Service offers a 
choice of sound methods for procurement of new equipment 


A new dimension has been added to planned replace- 
ment programs ...a flexibility in procurement pre- 
viously unknown. Jones & Lamson, with its new 3-Way 
Marketing Service opens up a new freedom of action 
that is of great help to operating management in the 
planning of machine tool replacement, plant modern- 
ization and expansion. 

Jones & Lamson’s 3-Way Marketing Service consists 
of 3 different plans of procurement. The scope of these 
plans accommodates the widest possible variety of 
industrial needs, and makes it possible for a machine 
tool user to acquire new equipment on terms that are 
appropriate to his own individual requirements. 

Jones & Lamson’s 3 plans are briefly summarized here. 


Outright Purchase 
The outright purchase of capital equipment is, gener- 
ally, the most desirable method of procurement. It offers 
certain undeniable advantages: lowest cost; complete 
freedom of operation; full profit from use of the 
equipment. 


‘“Pay-from-Productivity” Plan 

For those companies which prefer to pay for new 
machine tools from the increased profits which those 
tools produce, Jones & Lamson offers terms more fa- 
vorable than can be obtained from most credit sources. 

Payments may be made on a one to five year basis, 
in equal monthly installments, with a small down 
payment and a charge at the rate of 3.25 percent on 
the original unpaid balance. 


(Payment Analysis per $1,000. Sixty Monthly Payments) 
Remaining Total Payment Total Cumula- 
Principal During Year tive Payments 
Paymentat Shipment — = 250.00 
End of 1st year 600.00 190.89 440.89 
End of 2nd year 450.00 181.89 622.78 
End of 3rd year 300.00 172.89 795.67 
End of 4th year 150.00 163.89 959.56 
End of 5th year None 154.89 1,114.45 


The Lease Plan 

Leasing may be advantageous when working capital 
is inadequate for necessary plant modernization or 
expansion, or when other uses for capital are more 
pressing or more profitable. 

Despite much recent publicity, only a small percent- 
age of privately operated plant equipment is now 
under lease. Leasing is not yet widespread enough 
to be standardized, and, as a result, a great variety of 
lease contracts exists. 

The tax and legal aspects of many types of rental 
contracts were closely studied by Jones & Lamson’s 
Marketing Division. As a result, Jones & Lamson’s 
leasing plan is incomparably sound and flexible, offering 
maximum advantage to the user. 

Under the Jones & Lamson plan, a customer gets the 
normal 1-year guarantee, and he may offer to buy the 
machine at the end of any year, at the then existing 
fair market value or at a predetermined option price. 

To provide maximum flexibility, the plan is available 
in four variations, the principal differences being in 
the annual rental and return charges. With each plan, 
a 10 percent deposit is required, to be refunded to cus- 
tomers upon fulfillment of transaction. The minimum 
payment plan is shown below. 


(Annual Rental per $1,000 Selling Price) 


Year Rent Return Charge 
lst $500 
2nd 

ard 

4tii 

5tk 

6th 

7th 

8th 

9th None 


Write for complete details and dependable advice. 


JONES & LAMSON MACHINE COMPANY 


502 Clinton St., Springfield, Vermont, U.S. A. 


UNIVERSAL TURRET LATHES « FAY AUTOMATIC LATHES *« AUTOMATIC DOUBLE-END MILLING & CENTERING MACHINES 
AUTOMATIC THREAD & FORM GRINDERS ¢ OPTICAL COMPARATORS *« AUTOMATIC OPENING THREADING DIES & CHASERS 
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a most 
convenient 
ever-present 
source of 
machine tool 
information 


et 


“...a great time saver” 


drilling, boring 
horizontal and vertical boring « drilling 
reaming and tapping machines, etc. 
milling 
bed « bench « horizontal « planes 
profiling and duplicating » universal and vertical types. etc. 
turning 


automatic chucking + screw and threading machines 
engine and turret lathes 


planing 
broaching + gear shaping - gear shaving machines 
keySeaters + planers « shapers « slotters 
grinding, honing 
bench « floor + cylindrical—external and internal surface— 
rotary « thread grinders, etc. 
shearing, pressing 


bending and forging machines 
hydraulic and mechanical presses - punches shears + swages 


sawing 
circular + reciprocating and band saws 


heat treating, welding 
forges + furnaces « induction heating + ovens 
positioners + welding and cutting equipment, etc. 
other equipment 
attachments « accessories + cutting tools + gages, etc. 


special machines 


machine tools designed and built to meet individual 
requirements and specifications 


Sweet’s Catalog Service 
Division of F. W. Dodge Corporation - 119 West 40th Street, New York 18, N. Y. 
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LITCHFIELD PRODUCTS COMPANY 


NOW ROLL 


477-148 Mae) aoe) 1/439) : 
STEEL B. 


e« « CUT COSTS 40% 


For years, STRESSPROOF has been recognized as an 
ideal worm gear steel. Several washing machine worm gears 
have been particularly successful. STRESSPROOF worms 
outwear the washing machine. STRESSPROOF’s ease of 
machinability and elimination of heat treating keep costs 
down. 

Now, the Litchfield Products Company, Litchfield, Mich- 
igan, roll the worm on this part for one of the largest wash- 
ing machine manufacturers. The savings of 40% on the part 
cost is evident. Lead and pitch diameter requirements are 
maintained. 

And there is no question as to gear life. STRESSPROOF’s 
rugged wearability takes care of that whether the gear be 


This washing machine cui or rolled. 
pees pM STRESSPROOF makes a better part at lower cost. It’s 
by LITCHFIELD available in cold-drawn or ground and polished finish. 
PRODUCTS coO., 
Maes, We ASK FOR... your copy of this bulletin, 

“New Economies in the Use of Steel Bars.” 


Ct Salle ss co 


Manufacturers of the Most Complete Line 
of Cold-Finished Carbon and Alloy 
Steel Bars in America 


La SALLE STEEL COMPANY 
1416 150th Street 
H. 


d indi 
- 





Please send me your new bulletin entitled, 
“New Economies in the Use of Stee! Bars." 


Nenoe—__. 
Rte... 
Company—__- 
A 


SRR 88 PA 


Ne ee | 
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PLAN LOWER PRODUCTION COSTS WITH 


LOWER 


OF R Oo G E a § vein Ter tis 
Only *96300°° 


LOW PRICE of this new 
ROGERS “Perfect 36” Verti- 
cal Turret Mill is the direct 
result of standardizing on 
one model with production 
line economies. 


EXPERIENCE of 69 years is 
built into each ROGERS “Per- 
fect 36” Vertical Turret Mill. 


Generation after generation 
of machine tool craftsmen 
have been keeping ahead of 
trends in boring and turning 
techniques. 


PRECISION is built into 
ROGERS “Perfect 36” Verti- 
cal Turret Mills and are run 
under actual operating con- 
ditions before shipment. 


ROGERS works. inc 


1404 SENECA STREET 


INITIAL COSTS 


Write for Catalog TODAY 


BUFFALO 10, N.Y. 
Knowing How Since 1885 
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of MILLING ann BORING 
MACHINES 





jaa A. vio Nase ps ae o 


Fitchburg 2-spindle heavy duty boring machine 
especially designed for drilling valve bodies. 


Fitchburg vertical miller for milling dove-tails in 
large rotors used in turbine generators. Table 
indexes to suit number of slots required by means 
of five indexing rings. Extremely accurate set- 
tings are provided by Federal Metricator. 


RE conscious manufacturers are 
consulting Fitchburg daily for ideas and 
techniques that have helped others with 
specialized milling and boring problems. 
Whatever your problem, Fitchburg’s 
engineering staff is ready! Write for This Fitchburg 4-spindle duplex milling machine 


. has an automatic indexing fixture for milling 4 
catalog showing the many unusual ma- faces simultaneously. Double fixture permits load- 


chines designed and built by Fitchburg. ing second piece while first piece is being milled. 


FITCHBURG FNCINEERING PORPORATION 


FITCHBURG, MASSACHUSETTS, U.S.A. 
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cutting-off blade 


ce ready fo use 


and it will do what no other cut- 
ting-off blade can do. It is the Luers type blade—a blade that 
offers convenience, efficiency, and economy that no other blade 


can offer. 


e Empire Tool Company is the 
LEADER in cut-off blade devel- 
opments—backed by over 
twenty years’ experience in cut- 
off blade manufacture. 

e Cut-off blades are tools sub- 
ject to conditions different from 
those of other tools and will 
perform most efficiently only 
when specialists’ recommenda- 
tions are followed. 


e Available from stock are 
blades of four types of high 
speed steels developed to meet 
the demands of cut-off opera- 
tions. And on short notice you 
can get blades of cast alloys and 
tungsten carbide. 

e Empire’s Luers type blades 
are guaranteed to run faster 
and with less down time than 
any other. 





JUST TAKE A LOOK AT 
THESE 


T shape provides liberal 
. duce, Escometannaean ta 


k and 
length of blade. No resha: 
but front face 


Hollosaee top caus: 
bint, 


inet 








e have holders to fit any standard hand 
hines. 








These blades are made by Empire Tool Company of 
Detroit, Michigan, under license issued by John Milton 
Luers Patents, Inc 














8778 GRINNELL AVE. 





DETROIT 13, MICHIGAN 











NEW MORTON COMBINATION WELDING AND TRIMMING MACHINE 


Fig. 4221. The Combined Welder and Trimmer in- 
cludes all the essential features required for conven- 
ient handling of coil ends or flat sheets into position 
for submerged arc or gas shielded welding. It in- 
corporates the time saving feature of welding and 
trimming the weld bead from both sides, at one 
time without unclamping or transferring the welded 


seam. 


Our New Bulletin No. 48-D shows plant views, lists our product and some of our machine tool facilities for 
producing superior Machine Tools and Automatic Welding Machines. Send for your copy today. 


Morton Finished Machine Keys comprising Gib Head—Plain—Feather—Hi-Pro—W oodruff and Specials will 
assure lower assembly costs thru accuracies built into each key. A trial order will convince you. 


MORTON MANUFACTURING COMPANY = Muskegon Heights, Michigan 


It is arranged for welding and trimming 
10’ long seams in 1/16” to 1/4” stainless or 
other alloy sheets and strip. Pinch Rolls are 
furnished, the top roll being hydraulically- 
loaded for holding the sheet flat during 
welding and trimming operation. A water 
cooled copper back-up bar is supplied for 
welding operation. Any number of sheets of 
any width up to i0’ long can be efficiently 
joined to make one long sheet for your 


needs. 


You can and will increase your Welding output with Morton Automatic Welding Machines as well as your 
Machine Production with Morton Machine Tools and Special Machinery. 
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control production by controlling 











man power... 


Personnel Control; 
Sales Control — by man, 
territory and product 
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Maintenance, Schedul- 
ing, Tool Control 

















You, too, can profit through the finer yet firmer 
Maintenance Production Control executive control Kardex Visible gives. Kardex 
ee eee integrates and concentrates related facts for 
fy guick reference —.it signals major items of infor- 
PAR? mation in convenient, bar chart form. You can 


tg 
ee 


wo see ... compare... analyze... execute... all 
in seconds. 
We 4 


Why not apply Kardex Visible Control to your 
Tool Control — KD64t record-keeping problems, whether those listed 
ne above or others specific to your business? For 
S a, any of its cost-saving applications,-Kardex pro- 
vides quick, effective Visible Control, “locked-in” 

with exclusive Kardlok Forms and Signals. 


Write Remington Rand, Room 1003, 315 Fourth Ave., New York 10 


Remington. Flan. 





Commodity Classification 
Services — BSD10 
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To relieve your 


HEAVY 
GRINDERS 


Werner +270A Cylindrical Grinder, 
2x10 plain grinder, hand feed only 
for fast operation. Plunge cut or lon- 
gitudinal grinding. Internal grinding 
attachment available. 


and your 


HEAVY 
HORIZONTAL _ 





Type F horizontal bor- 
ing, milling and drilling 
machine. 


Spindle dia. 2%” 
Vertical travel of head- 
stock 24”. Table size 
22” x28”. 


Both machines are high precision tools. 
So reasonably priced that investment will 
pay off in no time. 


SOLE IMPORTERS 


MARAC Machinery Com. 


45 S. BROADWAY, YONKERS, N.Y. * YONKERS 8-O500 


ALSO IMPORTERS OF 
The famous Schwartzkoff KBF2 precision automatic coordinate boring 
machines, Werner Millers, Raboma Radials, Jung internal grinders 
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\ missourl enc atin apesusse” / OF ROCKFORD, ILLINOIS CHOSE 


“|b BELVIDERE, 
ILLINOIS 


hes ee as the practical location for its new 


Surrounding Belvidere in Wisconsin, Indiana, and 


lows, within short distances are some of America’s 1, 560, 000 cu. ft assembly building 


largest metal working plants. 























Ample labor pool, skilled in the metal 


: ss a naa working industry 
Belvidere, Illinois is, in all respects, repre- 


sentative of a typically American com- 
munity. Here 64.5% of the people own A community that welcomes new 
their homes. The pleasant living condi- industries 

tions in Belvidere mean more content and 
happy workers. In the present plants— . ; 
both large and small—there is an excel- Good rail and truck service 

lent employee-management relationship. Quick availability of raw materials 
Here are good schools, churches, hos- 
pitals, parks, and playgrounds. 


Favorable tax rate 


Only 75 miles west of Chicago 


On route of new toll road 


Whether your operations require a large ° You'll find that Belvidere offers numerous other advan- 


tages that stamp it as an ideal location for a variety of 


site or a small one there is ever;thing in . : . bn oye : 
end cheeih Mebddes te mei be industries. For example, in addition to its industrial loca- 
tion, Belvidere is adjacent to prosperous farms and the 


site. Here you are close enough to large dairy industry. Whether you need male or female 
centers, giving you the advantages such workers, Belvidere has an ample supply ready for you, 
proximity affords. skilled in production line assembly work. 


FLOOR SPACE available for Bi ieee ew oi, 
Immediate Occupancy 

1. 237,000 sq. ft. BELVIDERE 
2. 123,000 sq. ft. Chamber of Commence 


3. 23,000 sa. ft. PHONE 3961 


4. 9,600 sq. ft. 
Acreage if desired FRED R. FALKENSTEIN BELVIDERE, ILLINOIS 
Secretary 
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THIS YOU 
SHOULD KNOW 
FOR YOUR PROFIT 


BECAUSE of rugged 
construction and 
engineering to 
handle greater loads 
than can be imposed 
upon them, 
FULMER HONING 
MACHINES assure 
LOW UPKEEP 
under the most 
exacting operating 
conditions. 

All machines have 

a wide range of 
spindle and 
reciprocation rate. 
Practically all 
models are based on 
3 steel columns to 
take the high 
torque necessary 

for heavy stock 
removal. 

Speed cutting and 
finishing and 

insure tolerance as 
close as .0001 (+). 


Photo taken in plant of THE HUNT-SPILLER MFG. CORP., BOSTON, MASS. 


Write for 
your copy 


FULMER HoNiNnG 
MACHINES 





of our 
bulletin on 


2 a honing. 


| 105 EAST FOURTH ST. CINCINNATI, OHIO 








8-oz. can = 
Bakelite cap holding = 
soft-hair brush for = a 
plying right at bench; 
metal surface ready for 
layout in a few minutes. = 
The dark blue background = 
makes the scribed lines = 
; w up in sharp relief, 
prevents metal glare. In- = 
creases efficiency and = 


— “ ———— a 
= Stops Losses _<: ectnee i 
= . = Dy itted wi ~ 


making Dies and_§|: 
Templates 


THE DYKEM COMPANY = 
=¥ 2301B North 11th Si 


PER TIME 


END NIGHT CLEANUP & MORNING REBLUING 
DYKEM HI-SPOT BLUE Ne. 107 is used to locate high 
when scraping surfaces. As it does not . 
# it remains in condition on work 
scraper’s time. Intensely blue, s 
@ spreads thin, transfers clearly. No grit; 
fa ous to metal. Uniform. ae 








Practical Ideas 


yFriction cap 











Bottle Dispenses Layout Dye 


This bottle will simplify application of 
layout dye, by providing a ready source 
of the dye, in an easy-to-use form. There 
are a few points to be careful of in 
making the bottle. First, the wick should 
not be too tight, or pressure will build 
up inside the bottle, forcing dye out 
through the wick. Also, if wick is too 
loose, too much dye will come through 
the wick, when applied to the work. 
Peter L Bernardi, Detroit, Mich 
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Adjustable Stops on Drill Jig 
Quickly Set With Simple Gage 


Drill jigs are frequently made for many 
different parts where the only difference 
is the distance from the first drilled hole 
to the end of the work. Instead of 
making a separate gage for each part, 
make only one jig but provide an ad- 
justable ends-top to take care of the dif- 
ferent distances. If a great many short 
runs of different parts are made, how- 
ever, the stops must be reset for each run. 

The gage shown will not only mate- 
rially reduce the danger of error, it will 
"peed job changeover. Two pins made 
from hardened and ground drillrod are 
pressed into a small flat piece of CRS. 
One pin is ground to provide a slip-fit 
in the drill bushing and the other pin is 
made so that it will contact the stop at the 
proper distance from the drill bushing. 
Then the operator merely slips the setup 
gage into the drill bushing and brings 
up his stop until it contacts the diameter 
of the other pin. 
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Completely revolutionizes the milling 
of intricate aircraft parts! 


« 
i 
' 
( 


50M Vertical 

"AEROFRAME” 

PROFILER and 
MILLING MACHINE 


These amazing machines intro- 
duce a completely new concept 
to the production of difficult and 
complicated parts. They cannot 
be compared with other milling 
machines for they are completely 
unique in their precision, speed 


and versatility of production. MOREY SKIN MILLING MACHINE 


i Desi yg for pe airplane skins, both 
MOREY is proud to offer these simple types and ase’ requiring raliting 
revolutionary profile milling in the first, aad and third dimensions. 
H NOW BUILDING . .. for a large airp 
machines, truly a great advance ain... é. “aa ne 
i ign. milling machine with automatic contro! of 
in machine tool design the fourth and fifth axis for milling internal 
and external angles. 











MOREY 50M 

VERTICAL “AEROFRAME” 
PROFILER AND 

MILLING MACHINE 


MOREY 12M DOUBLE SPINDLE HIGH SPEED 
VERTICAL PROFILER AND MILLING MACHINE 


For rapid, economical duplication of small parts 
requiring accurate interchangeability with mini- 
mum effort. 


MOREY MACHINERY CO., INC. 
wfprrenclie Tab! | emnan sama. tam ween, 8 
BUILDERS OF AUTOMATIC LATHES, AUTOMATIC HANDLING EQUIPMENT, VERTICAL SHAPERS AND TURRET LATHES 
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Write for complete information and detailed catalogs. 
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“MOST HELPFUL IN KEEPING 
OUR PRODUCTION UP 
AND COSTS DOWN”.. 


General Metals Corporation 
Pacific Fittings Division 
Hollydale, Calif. 


PACIFIC FITTINGS DIVISION of General 
Metals Corporation—largest pipe fitting manufac- 
turer on the Pacific Coast—has this to say about 
Texaco Products and Service: 
“We've used Texaco exclusively for many years 
and with good reason. Texaco Lubrication En- 
gineers have always worked closely with st 
duction men and their recommendations have 
always been sound and practical. 
“This, in combination with the uniformly fine 
uality of Texaco Products, has been most helpful 
in keeping our production up and costs down. 
“For example, we are getting bighl y efficient per- 
formance and exceptionally long tool life on our 


PACIFIC FITTINGS DIVISION pro- 
duces a complete line of high quality 
malleable iron pipe fittings; steel, iron 
and brass pipe nipples and steel pipe 
couplings ... has been an enthusiastic 
Texaco user for eight years. 


automatic screw, tapping and threading machines 
with Texaco Sultex Cutting Oil A as coolant—and 
Texaco Cleartex Oil DD as machine lubricant and 
hydraulic medium.” 
There is a complete line of Texaco Cutting, Grinding 
and Soluble Oils to help you do all your machining 
better, faster and at lower cost. And Texaco Lubrica- 
tion Engineering Service will gladly guide you in 
their selection and preper use. Just call the nearest of 
the more than 2,000 Texaco Distributing Plants in 
the 48 States, or write: 
vy * w 
The Texas Company, 135 East 42nd Street, New 
York 17, N. Y. 


CUTTING, GRINDING, 
SOLUBLE AND 
HYDRAULIC OILS 
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A M production nuggets 


This special issue of American Machinist represents a completely new concept and, 
to the best of our knowledge, nothing like it has ever before appeared. Its unique 
format makes it a publication you will want to keep handy for many years, for it 
contains the very heart of the hundreds of articles that have appeared in a year’s 
issue of American Machinist, plus pertinent material extracted from selected other 
magazines. It will give you the answers to many of your production problems, or tell 
you exactly where you can find those answers in more detailed form. 

The more than two thousand items are not digests of the complete articles to 
which they refer, but are rather “nuggets” of useful and specific information ex- 
tracted from the articles, and sorted and classified under nine major headings. For 
easier reference, each group is further broken down into subheadings and minor 
divisions. 

Under the general heading of Machining, for example, are subheadings for 
Drilling, Turning, Boring, Milling, and other categories into which this broad phase 
of Metalworking naturally subdivides. Each of these is, in turn, divided into smaller 
groupings, such as, in the case of Milling, Special Machines, Speeds and Feeds, 
High-Helix Milling, Cutting Fluids, Special Materials, and others. 

Within each of these groups are the individual items, arranged according to the 
particular operation, material, or piece of equipment to which they refer, rather than 
in chronological order. Under Special Materials, for example, all items dealing with 
titanium will be found together, as will those concerned with magnesium, plastics, 
or other materials, except steel, aluminum, brass or bronze. 


For your greater convenience, many items are repeated under several headings 
under which they logically belong. Thus, an item concerning die design might appear 
under both Tooling and Pressworking and, if it applies also to some particular mate- 
rial, it would appear again under Materials. 

In most cases, the items give sufficient information for direct application to a 
particular problem but, if more detail is required, it may be obtained by reference 
to the original article, for which the name, issue date, and page number of the 
particular publication are given. 

For items taken from American Machinist, we can supply photocopies of the 
complete article at a price of 5¢ per page (minimum 25¢). In the case of an 
American Machinist Special Report, reprints can be furnished in accordance with 
the schedule on page 6. We cannot guarantee to furnish copies of articles from 
other publications but will forward requests to the editors. 

Abbreviations used here for the various publications are: 

AM ... American Machinist F . P 
. Aviation Week M The Machinist (London) PE . 


... Business Week ME ... Mechanical Engineering WE . of 
Electronics N .... Nucleonics Ww 


.... Factory 

. Product Engineering 
. . .Welding Engineer 

. .Welding Journal 
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MACHINING 


TOOLING 


PRESSWORKING, 
MOLDING, CASTING 


INSPECTION, TESTING, 
QUALITY CONTROL 


ASSEMBLY, WELDING, 
PORTABLE TOOLS 


HEAT-TREAT, CLEANING, 
FINISHING 
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MATERIALS HANDLING, 
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As distinct from specific 
processes or techniques, 
items dealt with 

in this section concern 
chiefly those matters 
involving over-all 


plant efficiency 


@ MANAGEMENT 


Cost control 

Production control 
Productivity 

Equipment replacement 
Machine tools 

Foreign machines 
Automation and plant layout 
Management — general 


PERSONNEL 


Health and safety 
Incentives and pensions 
Labor relations 
Foremanship 

Personnel — general 


APPRENTICESHIP AND TRAINING 


Training time 
College training 
Apprenticeship 
Training — general 


MAINTENANCE AND SALVAGE 


Maintenance 
Repair and salvage 


oe 








Management and perso 


MANAGEMENT 


Cost control 


Issuance of standard tool kits for vari- 
ous job classifications, plus tool checks 
for special tools, prevents tools from 
being interchanged between cribs and 
reduces inventory. AM—Aug 31 ’53, 
p129 


Actual cost of grinding tools is often 
hard to determine. A simple ticket 
system will give you definite figures, 
show how many tools are in the grind- 
ing crib, and help keep tool inventory 
at established minimum. AM—Sept 14 
53, p132 


Ford Motor Co completely revised its 
management setup by breaking opera- 
tions into logical divisions, each of 
which is competitive with the best 
outside source or a norm established 
by the Central Staff. $114 billion were 
spent in complete modernization of 
plants and equipment to increase ca- 
pacity and reduce costs in support of 
drive for sales leadership. $80 million 
research and engineering center was 
built. Manufacturing facilities were 
decentralized; broker into relatively 
small units for easier control by local 
management. AM—Oct 12 ’53, p122 


Profit center system at Ford insures 
divisional efficiency by allowing each 
division to determine the price at 
which it sells its product to consuming 
divisions. Divisions are thus kept com- 
petitive with outside manufacturers. 
AM—Oct 12 °53, p125 


You don’t have to be a big mass- 
production company to use standard 
cost and budgeting procedures effec- 
tively. Smaller companies can reap 
real benefits from them, and they will 
more than pay for the cost of installa- 


tion and operation. They may not be 
practicable for the little job-shop, but 
if you have a fairly standard product 
—even in different models—you can 
control plant efficiency and check 
losses. M—Nov 21 °53, p1937 


Scrap losses can be controlled by em- 
ploying a budgetary control sytem. It 
will show each department manager 
what his scrap losses are, and will 
make him conscious of departmental 
shortcomings in this regard. If he has 
to account for all his scrap losses, he 
will be more watchful. And you don’t 
have to be a mass-production com- 
pany to install such a system. M—Nov 
21 °53, p1941 


Are you throwing dollars on the scrap 
pile? Convair, San Diego, checked its 
scrap and found it could save $300,- 
000 a year on extrusion scrap alone. 
The secret lies in ordering extrusions 
in lengths more closely suited to pro- 
duction requirements: the mill makes 
no charge for cutting if the order ex- 
ceeds 100 Ib. Scrap ends can be re- 
duced from feet to inches by proper 
planning. F—Oct °53, p368 


Installation of a complete oil reclama- 
tion and chip handling system at Allis- 
Chalmers’ La Porte plant has reduced 
consumption of hydraulic, motor, cut- 
ting, and general-purpose oils. Large 
storage tanks permit bulk buying, re- 
ducing the price on makeup oil. Chip 
crushing permits extraction of more 
oil and produces a higher price for 
the chips. Distribution of oil from oil 
room has led to better machine-tool 
maintenance to prevent waste, and has 
reduced the amount of oil to be pur- 
chased. AM—Mar 15 ’54, p130 


Manufacturing cost-reduction pro- 
gram at Stratos Div, Fairchild Engine 
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and Airplane Corp saved $318,405 in 
a nine-month period. On 55 parts re- 
viewed and reprocessed in that period, 
savings average $5789 per part. AM 
—June 21 °54, p133 


Cost reduction programs must be 
carefully organized—hit-or-miss tech- 
niques may actually increase costs. 
Coordinate all departments involved 
with manufacture into the program, 
and inform all department heads and 
supervisors about the aims, techniques, 
and progress of the program. AM— 
June 21 °54, p134 


In evaluating a process, Stratos finds 
it is better to allow the design to be 
worked out from the engineering 
standpoint than to interrupt the 
smooth flow of product development. 
Completed drawings permit rapid 
manufacture of working prototypes 
and allow quicker visualization of de- 
sign changes to simplify manufacture. 
AM—June 21 °54, p135 


Is it good practice to buy all machines 
of a certain function from the same 
manufacturer? 

From a service, tooling, and oper- 
ator interchangeablity standpoint, it 
looks like a good idea, but no one 
make of machine can be the best fo. 
every job in the shop. Moreover, such 
practice may prevent the user from 
obtaining the benefits of improved 
productivity possible with a new 
model of competitive make. AM— 
Nov 9 ’53, p154 


If you are short of compressed air, 
but need additional tools, investigate 
the use of high-cycle electric tools 
and a frequency converter. It will 
usually be less costly than installing 
additional compressor capacity. AM— 
Mid-Nov °53, pC3 


AM production nuggets... 


You may save a lot of money by using 
air tools, but check your air supply 
before you order them. It’s no good 
buying 100 tools when your com- 
pressor will handle only 25, and cost 
of new compressor may offset the 
dollar advantages gained by the tools. 
AM—Mid-Nov ’53, pCi 


Designs of special-purpose inclosures 
submitted to Karp Metal Products are 


scrutinized by engineers for adapt- 
ability to existing tooling. With cus- 
tomer permission, parts may be slightly 
redesigned to fit tooling and reduce 
costs. Cost of new tooling may be 
absorbed on large orders; or customer 
may own tooling. AM—Dec 7 ’S53, 
p138 


To gain the advantages of big-com- 
pany personnel hiring practices and 
facilities, 150 small companies in Los 
Angeles have formed a Mutual Em- 
ployers Association with a central 
office and permanent staff. Cost per 
employee hired is about $60—average 
for the area is $300 for non-members. 
Co-op does all preliminary screening 
and testing, but each company does its 
own selection and hiring. System saves 
many hours and prevents hiring mis- 
fits. AM—Feb 1 °54, p121 


You may be losing money by trying 
to fit machining speeds, feeds, and 
tool design to a single cutting fluid, 
instead of tailoring the fluid to the 
job. Classify operations and select 
fluids on the basis of the general 
grouping of jobs. The right fluid is a 
minor factor in adding to production 
costs, but can be a major one in in- 
creasing tool life and increasing 
speeds. AM—Mar 1 °54, p97 


Hydraulic presses may cost more 
than mechanical presses in smaller 
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AM production nuggets . .. MANAGEMENT AND PERSONNEL 


sizes; in larger sizes they may cost 
less. Motors are usually larger in order 
to move hydraulic fluid quickly, but 
power costs are offset by savings in 
reduced maintenance, scrap, and die 
costs. 4M-——Mar 29 ’54, p117 


Production control 


Small shop can apply automotive, 
mass-production methods to sheet- 
metal fabrication, can turn out more 
product per sq ft of floor area at lower 
cost. AM—Aug 3 ’53, p122 


To avoid excessive inventory, National 
Cash Register, Dundee, Scotland, has 
adopted batch production. Orders for 
components are issued to the shop 
four times a year, then broken down 
into smaller batches by production 
control. M@—Aug 1 °53, p1240 


Production control in National Cash 
Register plant, Dundee, Scotland, is 
made easier by using addressing ma- 
chines to print job and progress cards. 
Operations are recorded on printing 
plates which are run through the ad- 
dressing machine to print a stack of 
suitable cards for shop use. M—Aug 
1 °53, p1243 


Labor costs will continue to rise, so 
Standard Pressed Steel Co has more 
machines than men, claims it costs 


less to shift a man from one machine 
to another than to shift a machine 
from one job to another. Surplus ma- 
chines provide flexibility in shop pro- 
duction and insure adequate facilities 
at peak times. AM—-Aug 17 °53, p95 


Production time for automatic screw 
machines can be determined by 
nomogram applicable to single- and 
multi-spindle machines. AM—Sept 14 
53, p18 


Lack of working capital ruins many 
promising small companies, but often 
the capital is there—it just isn’t work- 
ing. Make it work harder by keeping 
close control over inventory and pro- 
duction, disposing of excess facilities, 
maintaining all equipment in top 
working order, and installing sound 
accounting. AM—Nov 9 ’53, p153 


To keep work load stabilized, lens 
components are produced in small job 
lots with short production runs, avoid- 
ing seasonal shut-downs. Runs range 
from 1000 to 5000 pieces and are 
justified by maximum setup time of 
12 hr. When larger runs are required, 
they are broken into smaller lots to 
permit easier handling. AM—Nov 9 
53, pll3 


Production control system at Karp 
Metal Products makes it possible to 
tell, at any time, what a job has cost 
to date and how much longer it will 


Most economicol number of parts less correction factor 





HOW MANY PARTS of a given production item should be run before changing a machine 
setup can be determined by a formula that balances setup cost against storage, insurance, 
and interest costs. AM—Aug 31, ‘53, p!25, 127 


take. Only two records are required; 
one records operator time by job num- 
ber, the other shows labor, materials, 
and overhead. Responsibility for pro- 
duction lies directly with the foreman. 
AM—Dec 7 ’53, p138 


SCHEDULE BOARD for press load reduces 
planning time. Colored washers dropped 
over pegs represent each hour of scheduled 
work. AM—Dec 21! ‘53, pl03 


When considering purchase of a press 
brake, look beyond the immediate job, 
and consider the other work, piercing, 
drawing, notching, etc, that can be 
done with suitable tooling. Often such 
jobs will be performed. cheaper than 
on punch presses, by avoiding tieing 
up several machines and by saving 
the labor required for transporting 
pieces between them. AM—Feb 1 °54, 
p108 


Subcontracting is a highly important 
phase of the production of jet engines 
by General Electric. Careful planning 
and follow-through are essential to in- 
sure a smooth flow of components, so 
a complete organization has been 
established to handle the entire pro- 
gram. This includes the setting up of 
field offices in subcontracting areas, 
and liaison teams from the Evendale 
plant. To act as a buffer, small quan- 
tities of major and critical parts are 
manufactured at Evendale. AM—Feb 
15 °54, p137 


Small cutting-tool manufacturing plant 
—200 male and female employees, 
$1.5 million turnover—handles all 
production, planning, and cost ac- 
counting with an operator’s job card, 
an operation master card, a seven- 
copy manufacturing order, and a job 
tally card. Manufacturing order serves 
as customer acknowledgement of the 
order, for accounting and invoicing, 
for shipping, planning, and work 
order. M@—Feb 20 ’54, p314 
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Minimum economical lot sizes 


To determine minimum economical lot size, 
choose an arbitrary maximum percentage 
by which true unit time may exceed standard 
time. Chart is based on formula N=S/TK, 
where N=no. of pieces in min lot size, S= 
setup time, minutes, T=unit-standard time, 
minutes, and K==max percentage arbitrarily 


Tooling for different contracts at Rohr 
Aircraft Co is identified by a color 
code. Color charts posted in the shop 
indicate the colors assigned. System 
simplifies identification, storage, and 
pick-up of tooling for different jobs. 
AM—Mar 15, °54, p150 


Special department to develop plans 
for fullest use of company resources 
in the event of partial or full mobili- 
zation has been set up by Ford Motor 
Co. The government helped to set up 
the department which will plan alloca- 
tion of defense work, production of 


selected. Example: For value of N when S is 
200 minutes, T is 10 minutes, and K is 20%, 
draw line from 200 on L-H scale to 10 on 
R-H scale. From intersection with pivot line, 
draw a line through 20%. N is then found 
to be 100 pieces. AM—Feb 15 '54, p17! 


autos under defense conditions, and 
will also determine US requirements 
for defense products. AM—July 19 
54, p101 


Productivity 


Productivity of modern engine lathes 
has increased during the past ten 
years. One representative type is 60% 


more productive, heavier, and more. 


rigid; another 25%, a third 30%; a 
fourth 50% in both speed and power, 
according to AM survey. AM—Mid- 
Nov ’53, pB6 
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Productive capacity of turret lathes 
was increased about 35 to 50% in 
the ten years from 940-50, but, if 
indexing control can be applied, in- 
creases may be 300 to 400%. Motors 
have increased in power two to three . 
times, and spindle speeds as high as 
2500 rpm can be attained ten times 
a minute, and the job done in a third 
of the 1940 time AM—Mid-Nov °53, 
pB6 


Productivity increases in automatic 
lathes and screw machines over the 
past ten years varies widely, may be 
as great at 500% in some cases when 
carbides are employed and operations 
are combined. AM-—Mid-Nov ’53, 
pB8 


Productivity of horizontal boring ma- 
chines has increased more than 100% 
in the past ten years; that of vertical 
boring mills over 250%; and that of 
jig borers 10 to 20%. AM—Mid-Nov 
°53, pB8 


Spectacular increases in milling-ma- 
chine productivity have occurred re- 
cently. Speeds and feeds have been 
stepped up, and will go higher. In- 
creased automaticity is being evi- 
denced, but production is already 
100% or more above that of ten years 
ago. AM—Mid-Nov °53, pB12 


Improvement in drilling has been less 
than with many other machines, but 
over-all efficiency has, nevertheless, 
increased substantially. Machines have 
been made more rigid and more auto- 
matic, and multi-spindle way drills 
and transfer machines have increased 
production. AM—Mid-Nov ’53 pB15 


Productivity of production grinders is 
from 30 to 100% higher than that of 
machines of ten years ago, and both 
accuracy and finish are improved. 
Tool and cutter grinders have im- 
proved 25%, drill grinders 20%, and 
floorstand grinders 50%. AM—Mid- 
Nov ’53, pB15 


Stock-removal ability and maintenance 
of accuracy of new hones increase 
productivity 100% over machines of 
ten years ago. Honing may eliminate 
some boring operations, and parts up 
to 30 ft long can be handled. New 
lapping machines are more accurate, 
faster, and require less maintenance. 
AM—Mid-Nov °53, pB18 
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Recent improvements in gear-cutting 
machines have improved productivity 
as much as 900%. Hypoid finishers 
are up to 700% better. Diagonal shav- 
ing has reduced shaving time 50%. 
AM—Mid-Nov °53, pB20 


Threading operations can be per- 
formed faster and better with new 
machines than was possible ten years 
ago. Carbide-tipped chasers permit 
faster cutting. Thread rollers can turn 
out Class 4 threads at 900 per hr. 
AM—Mid-Nov °53, pB21 


Productivity increase on modern 
planers is about 80% over those built 
ten years ago. Speeds have increased 
to 300 fpm, and carbide tools are 
widely used. Shapers have improved 
about 20% because of carbide tool- 
ing, but only about 20% are so 
equipped at the present time. AM— 
Mid-Novy °53, pB22 


Productivity of broaching equipment 
has increased about 100% over that 
of machines built ten years ago. In- 
creased use of automatic equipment 
and improved tools are chiefly re- 
sponsible for this improvement. AM 
—Mid-Nov °53, pB23 


Do easier shop conditions, such as 
coffee breaks, music, and color engi- 
neering help raise productivity? 

It depends on the shop. The only 
way to find out is to install such a plan 
and measure the results. If your pro- 
duction is below the normal for the 
kind of work done, some such plan 
may help to improve it. If it is above 
normal, leave well enough alone. Some 
readers feel that nothing raises produc- 
tion so well as more pay under an in- 
centive plan. AM—Mid-Nov_ ’53, 


pC90 


Output of forging presses, even when 
not automated, is usually higher than 
that of hammers. Draft can be re- 
duced, thus saving material and ma- 
chining costs. Dies last longer because 
they are not subject to impact. AM— 
Mid-Nov °53, pD13 


Demands of the automotive industry 
for the ultimate in productivity of 
machine tools have over-influenced 
many builders. There is a tremendous 
field open to builders who will simplify 
some of the basic machine tools for 
general-purpose use. AM—Dec 21 
*53, p109 








Equipment replacement 


The Machinery and Allied Products 
(MAPI) formula can be used to de- 
termine if and when old machinery 
should be replaced by new equipment. 
It shows the cost of not replacing, 
furnishes a tool for budgeting equip- 
ment expenditures, makes allowance 
for depreciation and obsolescence, 
and can be applied to a single machine 
or a group of machines. AM—Mid- 
Nov °53, p34 


NMTBA formula measures the sav- 
ings from replacement of old ma- 
chines. It is less complicated than 
MAPI formula, and less scientific, but 
gives good practical results with a 
minimum of effort. AM—Mid-Nov 
°53, p39 


Norton formula provides a means of 
establishing a sound basis for a deci- 
sion as to whether to replace old 
equipment with new. AM—Mid-Nov 
*53, p40 


Direct labor may be only a small part 
of the savings achieved by replacing 
old equipment. The true savings must 
take into account many more items. 
A Denham & Co chart shows how to 
figure all these items. AM—Mid-Nov 


53, p41 


“Time to repay” is the key to light- 
equipment purchase. This is usually 
short, so profit possibilities are high 
in relation to capital investment. A 
simple formula determines the num- 
ber of days required to pay off a new 
tool. AM—Mid-Nov °53, pC 


More than half a million machine 
tools and metal-forming-equipment 
units in the US are over 20 years old; 
55% of all the nation’s machine 
tools are at least 10 years old, 19% 
over 20 years. 58% of metal-forming 
units are 10 years and over, 25% 
over 20 years. In other metalworking 
shop equipment, 40% is 10 years old 
and over, 10% over 20 years. AM— 
Mid-Nov °53, pA3 


The railroad-equipment industry has, 
on the average, the oldest machine 
tools; the industry producing precision 
mechanisms has the lowest percentage 
of overage machines. The automobile 
industry’s showing has improved some- 
what over the past five years, while 


that of the aviation industry has de- 
teriorated. AM—Mid-Nov °'53, pA7 


Out of 39 types of machines used in 
Metalworking, 36 types show an in- 
crease in the percentage over age. 
Planers are the oldest types, contour- 
sawing machines the newest. The per- 
centage that has reached the ten-year 
mark, for all types of machines, has 
increased 12% on the average. AM— 
Mid-Nov °53, pA10 


The Pacific Coast shows the greatest 
growth of any area in the percentage 
of metalworking equipment, but Con- 
necticut still leads with 85.3 machines 
per 1000 population, and producing 
6.5% of the nation’s industrial prod- 
ucts. AM—Mid-Nov °53, pA13 


Baltimore area has the highest per- 
centage of machine tools at least 10 
years old, followed by Boston and 
Indianapolis, and Detroit and Cleve- 
land. Best record is held by Los An- 
geles, followed by Texas, Washington, 
and Oregon. AM—Mid-Nov ’53, pA15 


Annual cost to American Metalwork- 
ing, in direct labor wasted on machine 
tools that cannot meet today’s pro- 
duction standards, is $1 billion. AM 
—Mid-Nov ’53, pB 


Six multi-spindle automatics replaced 
16 old machines. Labor savings were 
insignificant, but over-all savings 
turned out to be $90,000 a year for 
an investment of $130,000. Yet pur- 
chase had been delayed 10 years be- 
cause only labor had been considered. 
AM—Mid-Nov °53, pB2 


Replacement analysis in one plant 
showed that replacement would avoid 
the necessity of enlarging the build- 
ing, would also save on extra super- 
vision, taxes, heat, power, and light. 
This is proof that rule-of-thumb esti- 
mating is both inaccurate and ex- 
pensive. AM—Mid-Nov °53, pB4 


Reconstruction of GM _ production 
facilities after Livonia fire was han- 
dled by 40 rehabilitation teams. 
Under the general manager, seven 
divisions were given specific responsi- 
bilities, namely: Quality Control, Mas- 
ter Mechanic, Plant Preparation, Plant 
Layout, Labor Pool, Purchasing and 
Expediting, and Traffic. AM-—Nov 23 
*53, p130 
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With thousands of machines damaged 
by fire, GM faced the problem of 
whether to rebuild or replace. With 
time most important, rebuilding was 
quicker and cost could be charged off 
to operating expense. New machines 
would require new capital account and 
re-depreciation from full cost. AM— 
Nov 23 °53, p132 


American used-machinery market was 
scoured for duplicate replacement of 
specialized equipment or purchase of 
single-operation machines to take the 
place of those destroyed in GM’s Livo- 
nia fire. AM—Nov 23 °53, p133 


More realistic depreciation rates will 
speed modernization in most plants. 
The owner of the machine is not re- 
lieved of any tax burden, so the Fede- 
ral Gov’t loses nothing by permitting 
faster write-offs. In fact, government 
revenue would be increased over the 
years because of the stimulation to 
business that faster write-offs would 
provide. Survey shows that US is 
among the most backward of nations 
in its depreciation policies. AM—Mar 
1 °54, p113 


Machine tool replacement program at 
Harris-Seybold Co saved $125,000 a 
year, was based on one-year and five- 
year plans. As far as possible, ali 
similar machines in a particular work 
center are replaced simultaneously to 
keep time standards uniform. F— 
June °54, p114 


Old cylinder grinder was costing 
$1200 a year for maintenance, plus 
20 hr a month in downtime. Quality 
was difficult to maintain. New ma- 
chine cost $38,867 and, although sav- 
ings amount to only $3200 a year, the 
improved quality is important. Old 
machine was reconditioned for use on 
less exacting work. F—June ’54, p116 


Small sand blast room and sand blast 
mill were too small and _ inefficient. 
Cost of idle time and maintenance was 
$772 for eight months. Replacement 
by machine with 10-ft turntable, and 
use of metal grit instead of sand cost 
$26,881. Audited savings are $4400 
per year and working conditions are 
much improved. F—June °54, p116 


Two planer millers, 19 and 26 years 
old respectively, occupied excessive 
floor space, and a major breakdown 


would curtail capacity by 20 to 30%. 
New planer mill cost $92,524, but 
produced savings of $28,250 a year. 
It performs work in 57.5% of the 
time required by the old machines 
and eliminates need for subcontract- 
ing which required a high inventory 
of heavy castings in process and in- 
creased the cost of the product. F— 
June °54, p116 


Old engine lathe (1937) needed com- 
plete overhaul or replacement and 
could not handle the long shafts re- 
quired with sufficient speed. Produc- 
tion rate was too low for continued 
operation. Replacement by hydraulic 
shaft-duplicating lathe cost $21,213 
but savings will amount to $5600 per 
year. F—June °54, p118 


New horizontal bending press was in- 
stalled to replace manual bending in 
blacksmith’s shop. Furnace operating 
costs were high, and quality varied 
considerably. Labor savings of 1226 
hr yearly were indicated. New press 
cost $7770, but annual savings amount 
to $2400. F—June °54, p118 


Broach purchased in 1926 had belt 
and shaft drive from central drive 
motor. Output was low and mainte- 
nance costs high. New horizontal 
broach was installed at a cost of $12,- 
362, plus $125 for tooling, but pre- 
liminary audit indicates a saving of 
$4782 a year, or less than three years 
to pay for the investment. F-——June 
°54, p118 


Used continuously on a two-shift basis 
since 1937, a bar lathe was badly 
worn and would not permit taking 
norma! feeds. Maintenance cost $393 
a year, downtime $65 a year. New 
machine cost $30,271 but saved the 
high cost of subcontracting. F—June 
*54, p120 


Two old keyway millers purchased in 
1926 and 1924 were costing $405 a 
year in maintenance and downtime. 
They were not suited to increased size 
of work, so overhang on table caused 
uneven milling, and two or three set- 
ups were required for long work. New 
machines cost a total of $81,974 and 
created an annual loss to be absorbed 
each year, but increased capacity and 
better quality were obtained. F—June 
*54, p120 
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Oil grooving machine purchased in 
1926 was producing work of steadily 
deteriorating quality. Maintenance 
cost was $43 a year Over seven years, 
and machine was badly worn in criti- 
cal areas. Increasing number of ready- 
grooved bushings had to be purchased. 
New machine cost $2753 and showed 
a saving of $1408 a year; less than 
two years to repay. F—June 54, p120 


Machine tools 


Some users feel that machine tools 
are too elaborate, and simpler ma- 
chines would be equally effective and 
less expensive. Buiders say this would- 
n’t work because they have to con- 
sider the needs of quantity purchasers. 
AM—Aug 3 ’53, p132 


Many machine tools are getting to be 
too expensive because of the elaborate 
features being incorporated, many of 
which are never used in cases where 
a general-purpose one could do the job 
just as fast. AM—Dec 21 °53, p109 


American machine-tool builder fore- 
sees many changes in machine tool 
design, with higher speeds and feeds, 
easier maintenance, and improved 
drives and controls. He suggests that 
simplification of many machines could 
lower prices without sacificing accu- 
racy. AM—Dec 21 °53, p109 


Kearney & Trecker announces new 
plan for leasing milling machines on 
a seven-year basis, with customer’s 
option to purchase at a specified per- 
centage of the original price after a 
designated time, or to terminate the 
lease. AM—Feb 1 ’54, p138 


Machine tool rental plans have been 
announced by Warner & Swasey. 
Several different plans are available to 
suit customer requirements, but basic 
idea is a seven-year rental during 
which customer pays 114% of original 
cost. Contract may then be extended 
for nine years at 6% rent per year, 
or machine may be returned. Ma- 
chine may also be returned after 2, 3, 
or 4 years, customer having then paid 
72%. BW—Mar 6 ’54, p100 


Gisholt Machine Co announced plan 
for leasing machines on a seven-year 
basis with option to purchase. Plan 
includes all types of machines in 
Gisholt line. AM—June 7 °54, p175 


Al 
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Jones & Lamson announces a new 
machine tool leasing plan, with or 
without a purchase option, and an in- 
stallment-purchase plan based on “pay 
out of production” basis. Leasing set- 
up permits customer to discontinue 
lease and purchase the machine as a 
used machine. Plan is believed to be 
tax-proof. BW—July 24 ’54, p88 


Before undertaking design and con- 
struction of special machines, make 
sure you have a progressive and 
patient management, skilled tooling 
and maintenance help, and production 
supervisors who will help to plan 
equipment and make it work after 
installation. You need all three because 
you can expect plenty of troubles be- 
fore you get the new equipment work- 
ing 100%. AM—Feb 15 °54, p121 


In designing special machines, wel- 
come ideas from all sources, and ex- 
plore dissatisfaction with present 
methods. Visit competitive and non- 
competitive plants to pick up ideas 
you can use. Make use of the proce- 
dure outlined under How To Evalu- 
ate Proposals for Special Machines. 
AM—Feb 15 ’53, p122 


Foreign machines 


To promote and facilitate export busi- 
ness, a group of relatively small 
British companies have formed a sell- 
ing organization known as British En- 
gineers Small Tools & Equipment Co 
Ltd (BESTEC). Agencies are estab- 
lished in different countries for sales 
promotion and market research, and 
correspondence is carried on between 
the agent and the member company 
concerned with an inquiry. The Lon- 
don office keeps in touch with em- 
bassies and trade missions. Plan has 
been highly successful and has re- 
duced costs of foreign marketing. M 
—Sept 12 °53, p1547 


An important machine-tool industry is 
being developed in communist China. 
Plans now under way are to make the 
Northwest one of the most heavily 
industrialized sections of China. AM 
—Sept 14 °53, p169 


Anti-communist German tool expert 
at Leipzig fair warns the West to keep 
a watchful eye on Soviet equipment; 
states it is getting better every year 
and in 10 years will be sold cheaply 


A8 


all over the world. AM—Sept 28, ’53, 
pi0l 


Machine tools from free European 
countries and from US were exhibited 
at 3rd European Machine Tool Exhi- 
bition in Brussels. Copying equipment, 
automatic sizing, and a leveling off 
of spindle speeds were the most note- 
worthy items. 4M—Sept 28 ’53, p164 


Machine toools from Soviet Bloc 
countries are exhibited at Leipzig Fair. 


Many Western innovations are in- 
cluded. AM—Oct 12 °53, p204 


Following the GM Livonia fire, engi- 
neers explored European markets to 
purchase American hobbing, boring, 
grinding, and chucking machines in 
English, Swedish, and German pools. 
AM—Nov 23 ’53, p133 


Machine tools built in communist 
countries and exhibited at the Leipzig 
Fair cover virtually all types. Standard- 





e HOW TO EVALUATE PROPOSALS FOR SPECIAL MACHINES 


1. . Actual Present Production Rate: 

Do not accept the recorded or accepted figure. A 
recheck may disclose that the actual rate is lower or 
higher than thought, or that it can be improved by 
relatively inexpensive changes. Always compare esti- 
mated performance of the proposed special machine 
with the best possible performance of the present 
method. 


2..Usable Rate of Proposed Machine: 

In a balanced line, the production rate of the pro- 
posed machine is determined by the preceding and 
following machines. If not placed in a balanced line, 
production rate of the special machine is determined 
by time and motion studies. If multiple machines are 
needed, it may be profitable for one operator to 
serve more than one unit, even though the productive 
rate per machine is reduced. Very expensive machines 
would be operated additional hours per day. 


3..Effect of Schedule Changes: 

Estimate the maximum production required by 
seasonal demand, and the number of hours daily or 
shifts to meet such a schedule. 


4..Cost of Special Machine: 

Never overlook adding say 20% to design and 
building cost for “taking out the bugs.” These hidden 
costs can reach 100%. 


5.. Effect of Product Changes: 

Consult engineering and sales departments about 
product changes, to estimate whether the equipment 
cost can be amortized before the machine is 
obsoleted. 


6..Explore Product improvements: 

If a considerable expenditure is evident, consider 
changes in facturing methods, ask sales and en- 
gineering to study the product for desirable changes 
to improve quality and simplify manufacturing. Often 
minor concessions by engineering will simplify the 
special machine. 


7..Future Adaptability of Machine: 

Try to design the machine so that you do not re- 
strict producing pieces of different size or design. 
Sometimes even minor product design changes obso- 
lete expensive machines. If there is assurance of no 
product change over a long period, universal features 
may be eliminated to reduce cost. 


8.. What Skill Will Be Required? 
Potential savings are influenced by the hourly rate 
to be paid by type or skill of operator. 
9..Effect on Preceding Operations: 
Condition of parts fed to a special machine may 


AM—Feb 15 '54, p123 





force improvement or changes in preceding opera- 
tions. This situation can either adversely affect the 
installation of the special machine or lead to further 
cost reductions. Generally speaking, improvement in 
the parts will be desirable even though the operation 
under consideration is still to be done by hand. 


10.. Plant Changes: 

Do not forget that you must include the cost of in- 
stalling a special machine, also conveyors, ventila- 
tion, more transformer capacity, additional power, 
gas, air and water lines, when calculating the retum 
on the investment. 


11.. Salvage Value: 


Credit the salvage value of displaced equipment 
to the savings estimated for the new method. 


12..Consider Material Cost: 

The new method may change the amount of ma- 
terial consumed, or its specifications and cost. Any 
additional cost for material may nullify savings. 


13 ..What Is the Scrap Loss? 

A special machine may not produce the estimated 
return because of scrap losses or cost of reworking 
defective parts. The percentage of rejects must always 
be considered. 


14..How Is Plant Overhead Affected? 

Installation of a special machine can affect plant 
overhead in.five ways: 

(a) Perishable tools and non-productive supplies—. 
Savings estimated for a special machine may be de- 
creased by increased costs for perishable tools and 
non-productive materials, or they may be increased 
by decreasing thes: costs. Example: A special broach 
for flash removal did not save labor but costs were 
reduced by eliminating the purchase of grinding 
wheels. 

(b) Cost of utilities—Power, gos, steam and oir 
consumption affect costs. Hand unloading may be as 
cheap as an air blast. 

(c) Maintenance costs—Average cost of machine 
and tool maintenance over the life of the equipment 
should be considered. Generally these costs increase 
with complexity of the machine. 

(d) Depreciation—Annval charges for depreciation, 
insurance and taxes are altered by the changed 
capital investment. 

(e) Effect of reduced labor cost—A machine built 
on a labor-saving basis will increase plant burden, 
since other costs are prorated against a lower labor 
cost. If extensive installation of special machines for 
labor savings is followed, management should be 
prepared for an increase in overhead percentage. 
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e CHECK LIST FOR DESIGN CONFERENCE 


These are the major points to consider when the 
rough layout of a special machine is being discussed: 
1.. Motions ‘of machine components, their sequence, 
timing and minimum cycle. 

2..Machine type that best satisfies required move- 
ments and sequence—station-type dial, in-line, drum, 
and whether horizontal or vertical. 

3..Forces to be transmitted by movements; also 
feeds and speeds. 

4... Best means to transmit forces—mechanicol, hy- 
dravlic, electrical or pneumatic. 

5.; Layout and critical features of machine: 

(a) Are wear parts adjustable or replaceable, and 
are wear-resistant inserts indicated? 

(b) Have proper lubrication facilities been pro- 
vided? These are often forgotten and hardened 
parts must be annealed to machine oil pas- 
sages. Excessive lubrication is unsightly and 
may damage the work. 

(c) Are controls convenient to operator? Does an 
automatic machine have provision for single- 
cycle operation and inching? 


(d) Is the machine protected by overload devices 

and sequencing controls? Have adequate 
guards and feeding devices been specified for 
operator safety? 

(e) Minimize the operator’s duties but leave him 
enough work so that he must stay at the ma- 
chine. Consider the need for comfort and 
variations in physique. 

(f) Good appearance costs little. Heavy stream- 
lined guards suffer little damage over the years, 
chromium plate on controls and main parts 
creates operator respect. Paneling carried to 
the floor makes it easy to clean floors. Include 
compartments for tools, and for a woman's 
handbag, if women operators will be used. A 
solidly built, “streamlined” machine will cost 
less for maintenance. 

(g) Have you used “trick” mechanisms? Simple, 
proved mechanisms are familiar to tooling and 
maintenance personnel. 

(h) Does the design incorporate eyebolts and lift- 
ing lugs? The machine might have to be moved. 


AFTER YOU HAVE A ROUGH LAYOUT for a new special machine, call a conference so all 


interested parties can visualize the new machine and make more intelligent criticisms. 


AM—Feb 15 '54, pl24 





ization appears to be the order of 
the day, with the best features of 
existing machines being incorporated 
into basic models for each category. 
AM—Feb 15 °54, p158 


Automation and plant layout 


Automated plants cost about $28,750 
per worker at Ford’s Cleveland engine 
plant. Capital - goods - per - worker in 
other plants averages $9200, but auto- 
mated plants work twice as fast, use 
fewer people, amortize much faster. 
AM—Sept 14 ’53, p105 


Reduction of operator effort, introduc- 
tion of hopper feeds, rearrangement of 
machines to permit multiple-machine 
tending by one operator, and applica- 
tion of new materials and processes 
are features of the new Ford moderni- 
zation program. Multi-tool indexing 
machines, automatic assembly equip- 
ment and automatic inspection devices 
all contribute to increased production. 
AM—Oct 12 ’53, p130 


Substantial economies can be realized 
by adoption of automatic assembly 
operations. These can include screw 
driving, welding, induction brazing, 
and similar jobs commonly performed 
by hand. AM—Mid-Nov °53, pC2 


Where repetitive jobs rule is often the 
area where the most friction is gen- 


erated between men and management. 
Such jobs should be done by machine 
and will be performed faster and more 
accurately. Automation benefits the 
worker because it relieves him of 
drudgery and physical effort, increases 
his output, and justifies a wage in- 
crease. AM—Dec 21 °53, p95 


High production is not the main factor 
in deciding on automation. The prin- 
cipal consideration is whether it will 
conserve manpower and thus reduce 
labor costs. Its advantages are not re- 
served exclusively to big plants—small 
and medium-size companies with con- 
tracts large enough to sustain fairly 
long-run production can use it advan- 
tageously, and the cost is not exorbi- 
tant. A4M—April 12 °54, p177 


When scale-model plant layouts get to 
be over six ft wide it is difficult to 
reach the center part to make changes. 
One solution is to make the layout 
on white-painted aluminum sheets 
mounted on the wall. Scribed with 
%-in. squares, and with walls and 
columns painted in, colored-paper 
templets can be attached with adhe- 
sive tape, and all areas can be reached 
from a step ladder. AM—June 21 ’54, 
p165 


Functional layout for National Cash 
Register plant, Dundee, Scotland, is 
considered preferable to flowline lay- 
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out. Grouping machines by types suits 
semi-mass production—large quanti- 
ties of parts to exacting tolerances— 
also permits closer supervision. Layout 
is planned so work flows from section 
to section without reverse flow. M— 
Aug 1 ’53, p1237 


To obtain high efficiency, National 
Cash Register, Dundee, Scotland, in- 
stalled independent tool and material 
stores adjacent to automatic screw 
machine shop and press shop. Main 
stores are in center of plant accessible 
to all other departments. Maintenance 
dep’t and plant offices are also in cen- 
ter for ease of access. M—Aug 1 °S3, 
p1240 


Automatics and presses produce great- 
est volume of chips and scrap, so 
these departments have been placed 
as close as possible to materials stores 
in National Cash Register plant, 
Dundee, Scotland. This avoids truck- 
ing through the plant. Part of press 
dep’t is arranged in flow line for 
cabinet production, and spotwelders 
are installed so cabinets can be tacked 
as they leave presses. M—Aug 1 ’53, 
p1241 


Grouping 166 automatic screw ma- 
chines permits more efficient operation 
of cutting fluid system, and chip dis- 
posal. AM—Oct 12 °53, p176 


Working conditions in new plant addi- 
tion are improved by reducing noise 
level in press dep’t. This was achieved 
by lining one wall with Fiberglas from 
5 ft above floor to the ceiling, and by 
hanging baffles of the same material 
on 4-ft centers across part of the ceil- 
ing. Spaced between lighting fixtures, 
baffles reduce illumination slightly, 
This might have been avoided if noise 
reduction had been planned during 
building design. AM—May 24 °54, 
p124 


Illumination of 43 footcandles at 
working levels was achieved in new 
plant addition at F W Wakefield Brass 
Co by installing 8-ft reflectors with 
two fluorescent lamps (75 w) in con- 
tinuous rows. Half the light is directed 
down, half up and to sides. Walls and 
ceilings are white. Light level was re- 
duced to 37 fc by later, unplanned 
installation of noise reducing baffles 
byt is still higher than in many plants. 
AM—May 24 °54, pi24 
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Management . . general 


Instruction manuals are an essential 
adjunct to any piece of equipment. 
They should cover operating instruc- 
tions, service instructions, overhaul in- 
structions, and a parts list. Success or 
failure of a piece of equipment may 
depend in large measure on the ade- 
quacy of the manuals. Special regula- 
tions govern preparation of armed 
services’ manuals. PE—Aug °53, p141 


Average cost for repairing a gage 
made of dimensionally unstable steel, 
if repair is possible, frequently ap- 
proximates the original cost of the 
gage. There is also the inconvenience 
of delay and the expense of reinspec- 
tion. AM—Sept 14 ’53, p121 


You can set up your own plant and 
be successful—even in a “big plant” 
area—if you can supply a specialty or 
service they haven’t got. AM—Oct 26 
*53, p146 


Is am assignment board a good idea 
in small or medium shops? 

Opinion is divided. One group 
claims it gives the worker confidence 
to know there is more work ahead; the 
other group favors more flexibility in 
assignments, to take advantage of last- 
minute availability of more suitable 
workers. A4M—Mid-Nov °53, pC83 


Should “job-instruction cards” be is- 
sued with each job? 

They do have several advantages in 
that they help the less experienced 
Operator and provide an answer to a 
difficult problem. They also help in 
rate setting. But they can stifle initia- 
tive unless they are made fairly flexi- 
ble. AM—Mid-Nov ’53, pE50 


Important lesson learned from GM 
Livonia fire was that tool drawings 
and records should be kept up to date, 
and stored well away from fire hazard. 
AM—Nov 23 ’53, p132 


Ye 


LAYOUT OF ELLIPSES can be done easily 
and accurately by employing a table of 
constants for describing the arcs. AM—Sept 
14 '53, p 179 


Al0 


In building a new plant, the contractor 
effected substantial economies by 
establishing completely equipped tem- 
porary shops inside the plant for pipe 
fabrication, sheet metal work, instru- 
mentation, structural steel fabrication, 
and maintenance. Shops included 
drafting staffs and machine tool equip- 
ment. AM—Jan 4 °54, p92 


Federal Reserve Board has replaced 
its old Index of Industrial Production 
(1935-1939==100) with a revised in- 
dex (1947-1949—=100). Revised index 
has proved more accurate than the 
old, and metalworking figures are now 
based on seven separate manhour 
factors, plus 12 physical quantities, 
instead of on manhours worked only. 
AM—Jan 18 °54, p278 


VHF radio installed in company cars 
permits managing director to greet 
foreign visitors being met by company 
car immediately upon arrival at docks, 
15 miles distant. System also avoids 
tieing up car if visitor is late. Officials 
also use radio for dictation when away 
from office. System is part of plant 
traffic control at Davey Paxman & Co, 
England. See under Materials Han- 
dling. M—Jan 30 °54, p187 


Small teols and dies held in storage 
at Hewlett-Packard plant, Palo Alto, 
Calif, are protected from dust by 
plastic curtains hung from rods in 
front of storage shelves. AM—Feb 15 
54, p135 


Problems of pilfering occur in many 
plants and are difficult to solve. One 
solution is to sell scrap materials, 
parts, and equipment at reasonable 
prices to employees. Another is to put 
it in a junk bin by the main gate and 
let employees help themselves. Best 
scheme is to let employees know that 
you won't stand for stealing, and teach 
them to understand how expensive to 
the company such apparently minor 
pilfering is. AM—Mar 15 °54, p157 


Older men have many assets that 
younger ones often cannot offer to 
industry. The man of 50-plus has had 
experience, needs little training, is 
likely to be reliable, and is disinclined 
to move from job to job. He does not 
have the potential for future years, 
but for the present and for a limited 
time ahead, he may be the answer to 
many problems. 


More young men are in responsible 
positions in Metalworking today than 
ever before, but a liberal sprinkling 
of “old hands” is usually a real asset. 
They have been through many crises 
and can cope with the hottest com- 
petitive situation with cool resource- 
fulness. AM—Mar 29 °54, p95 


Mobile cafeterias at Douglas Aircraft, 
El Segundo, feed 6000 employees in 
half an hour. Battery-powered trucks 
haul three-cart trains to assigned plant 
locations where customers form two 
lines for self-service. Driver acts as 
cashier, has cash register on tow 
truck. During halts, carts are plugged 
in to keep food hot or cold. Conven- 
tional cafeteria system required three 
staggered shifts. Food is eaten in near- 
by dining rooms, throw-away plates 
and utensils being used. BW—April 3 


First complete guide to government 
military and civilian procurement, “US 
Government Purchasing Directory” is 
available from Sup’t of Documents, 
Washington, DC, for 50¢. It lists 4000 
classes of products bought by military 
and civilian agencies, shows who buys 
what, and where, in the Federal Gov’t. 
AM—May 24 ’54, p99 


Canada—new land of opportunity— 
is making enormous strides in metal- 
working, has many US-owned plants, 
as well as European and domestic. 
Reasons: Canada provides growing 
market for hard goods; overseas mar- 
kets can be served more advantage- 
ously from Canada than from US; in 
many lines, Canadian plant is neces- 
sary as source of aluminum, nickel, 
and other metals; tax laws encourage 
foreign investment and establishment 
of branch plants. Since WW II, Cana- 
da has invested proportionately more 
in new plant and equipment than the 
US for the same period. AM—May 
24 °54, p129 


Wider uses of freehand sketches, elimi- 
nation of unnecessary lines, views, and 
cross-sections, and application of draft- 
ing short-cuts have effected important 
economies in drafting time at General 
Electric. Simplification program does 
not involve any compromise with 
clarity and accuracy, but does save 
many hours of board time that can 
be better applied to creative thinking. 
ME—June 54, p491 
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Communication up-the-line, down-the- 
line, and lateral is essential to a 
smooth-running plant. Important fac- 
tor is that each person must have only 
one boss. Go-getter types who “get 
things done in a hurry” often violate 
this rule and result in tearing down 
the organization. Once proper chan- 
nels of communication are established 
they must be employed frequently and 
without exceptions. AM—July 5 °54, 
p148 


PERSONNEL 


Health and safety 


industrial atomic bomb shelters can be 
written off 100% in 5 years according 
to government ruling. First company 
to receive certificate of necessity was 
Cincinnati Milling Machine Co. AM 
—Oct 12 ’53, p105 


You can protect yourself and your 
employees against the H-bomb, despite 
its terrific destructive effect, but you 
have got to look after the matter 
yourself. Don’t expect any Federal 
help, and look for only very meager 
assistance from state and municipality. 
Adequate shelter areas are still the 
best bet. F—May °54, p112A 


Fire-fighting unit at Convair, Fort 
Worth, is “Mighty Mite” jeep carrying 
150 Ib of chemical powder and two 
150-ft hoses. Unit can extinguish al- 
most any type of fire. AM—Nov 23 
*53, p105 


Designed and built to comply with 
every known fire law, and rated as a 
safe place to work, nevertheless, the 
GM Livonia plant was utterly de- 
stroyed by fire. Yet, by skillful co- 
ordination, production of Hydra- 
Matic units was resumed in another 
plant within a matter of weeks. AM 
—Nov 23 ’°53, p130 


Even a modern “fireproof” building 
can be destroyed by fire. Witness G 
M’s Livonia fire. To prevent such a 
disaster, insist on strict housekeeping, 
organize a plant fire dep’t, and have 
the plant checked for fire safety by a 
competent insurance-company engi- 
neer. Do not permit welding in 
dangerous areas without a permit 
issued by the fire chief. AM—Nov 23 
*53, p149 


Fire damage to a plant can be mini- 
mized or avoided by observing five 
simple rules: Use safe construction, 
install sprinklers, provide enough 
water, train personnel in fire safety, 
and provide wholehearted support by 
top management. Size of open areas 
not protected by fire-resistive walls, 
and proper planning to keep com- 
bustible materials within reach of hose 
streams (200 ft) are important factors 
to consider. AM—May 24 ’54, p146 


High-pressure steam (100 psi) already 
available in plant is piped to blower 
ducts on grinders and polishers. In 
the event of a duct fire, operator si- 
multaneously turns on steam, switches 
off blower, and fire is extinguished in 
seconds. When grinders are operating, 
a fireman must be in the boiler room 
to maintain pressure. AM—Nov 23 
*53, p155 


Protection of personnel against electro- 
cution by high-voltage equipment 
undergoing test is insured by installing 
photo-electric units to throw a light 
barrier around the area, in addition 
to railings and warning signs. If light 
beam is interrupted, power is imme- 
diately switched off the test bed. For 
impulse equipment, the apparatus 
under test is also immediately ground- 
ed. M—Nov 28 °53, p2016 


Safety on punchpresses is insured at 
United Air Lines’ San Francisco 
maintenance base by Geiger tubes 
mounted on the press. These react to 
radioactive crystals in worker’s wrist- 
bands and will stop the press in mid- 
stroke if his hands stray into the 
danger area. Machine will not start 
if worker does not wear the safety 
wristbands. AW—Jan 18 °54, p48 


Health hazards with CO2 coolant have 
been found to be negligible. Gas can 
rise to 5% concentration in normal 
atmosphere without harm. In a 5000- 
sq ft shop, 12 ft high, 50 machines 
each discharging 10 Ib of COs per hr 
would mean 4300 cfh of gas. At 
normal air change rate of six changes 
per hr, concentration would be only 
about 1.2%. Although heavier than 
air, gas does not settle to floor be- 
cause of drafts created by equipment. 
AM—Feb 15 ’54, p131 


Color painting can help reduce plant 
accidents, but be sure you use it in the 
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right way. Painting a crane bright yel- 
low may be dramatic, but can also 
create a hazard—if the danger points, 
the cab and pulley, are not in sharp 
contrast. Don’t overdo the use of 
color; apply it only where you want 
people to look for specific things. Set 
a standard color code and stick to it. 
F—Feb °54, p110 


Safety is a full-time operation. One 
company required goggles to be worn 
at all times—except in main aisles. Its 
only serious eye injury was to an em- 
ployee struck by a flying chip while 
walking in the main aisle without gog- 
gles. AM—July 19 ’54, p57 


Security leaks at Minneapolis-Honey- 
well Regulator Co have been largely 
plugged by keeping employees on the 
alert against persons fishing for in- 
formation. It’s done by mailing a 
series of amusing, but significant, 
cards profiling the nine most flagrant 
security risks. Each is symbolized by 
a fish. For example, the loquacious 
employee (Large-Mouthed Bass) who 
loudly discusses classified information 
on the telephone. AM—Mar 1 ’54, 
p137 


Incentives and pensions 


Can bonus systems work in a tool- 
room, when based on estimated time? 
It depends on the type of work. In 
many cases it is too difficult to make 
an estimate accurate enough for a 
bonus basis; and there is always the 
danger of cutting corners, which is not 
good business in toolmaking. However, 
there is merit in a bonus system if 
it can be worked out fairly and there 
is good team spirit between workers 
and management. AM—Mid-Nov °53, 
pB168 


Employee’s natural working pace is 
the basis for establishing payments 
under a wage incentive plan. Such 
plans are not speed-up devices, but 
serve to cut waste time and pay the 
worker for what he accomplishes. Op- 
eration studies performed in installing 
the plan frequently result in more 
efficient methods and assignment of 
personnel. 4M—Mar 1 °54, p106 


Average plant operating on day-work 
basis is actually working at about 
25% below standard, while plants 
operating on Standard Minute in- 
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centive plan work at about 25% above 
standard. Savings come from im- 
proved methods, better worker atti- 
tude, and elimination of waste time. 
AM—Mar 1 ’54, p106 


You can install an incentive wage 
system yourself, or you can have it 
done by a consulting firm. Advantage 
of the latter is that it avoids temporary 
increase in engineering staff, and sub- 
sequent layoff, but if you already have 
unrest in the plant, an outsider would 
tend to aggravate this. If you do em- 
ploy a consultant, you must give him 
line responsibility and authority to re- 
port to top management for definite 
answers to questions arising, plus 
authority to put these answers into 
effect. AM—Mar 1 ’54, p106 


Incentive wage plans, properly in- 
stalled and operated, can mean savings 
of 20 to 30% in direct labor costs, 
an increase of 20 to 25% in employee 
take-home pay, and a production in- 
crease of 50 to 100%. Once opposed, 
union leadership has been forced into 
realizing the advantages of the idea 
by the number of contracts with in- 
centive plans in them. AM—Mar 1 
°54, p106 


In establishing an incentive wage sys- 
tem, one of the most important steps 
is to train one or more union repre- 
sentatives in time-study methods, so 
the union will have an informed judge 
of standards if grievances arise. AM 
—Mar 1 °54, p107 


Start time studies at ihe beginning of 
the production line. Otherwise, the 
flow of work already in the plant will 
be disrupted and some men may run 
out of work at the gap created. Avoid 
the most troublesome spots until some 
success has been shown on jobs easier 
to handle. Studies may show that some 
workers can be removed from a job. 
On the other hand, they may show 
that an added man will save money. 
AM—Mar 1 °’54, p107 


One of the better bases for rate setting 
for incentive payments is the Standard 
Minute. When paying a 25% in- 
centive, a Standard Minute is 80% 
of the work a worker could do at in- 
centive pace in 1 min of actual time. 
Standard Minutes for a job are estab- 
lished by timing the job with the 
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operator working at incentive pace, 
adding a personal factor of 10 to 
20%, then adding 25% as an in- 
centive bonus. Thus a job timed at 
two actual minutes would be rated 
at three Standard Minutes. AM—Mar 
1 °54, p108 


Wage payments under an incentive 
plan must first guarantee the present 
base pay, regardless of production. 
Then, if a man’s base rate is $1.20 
per hr and he is working on a 3 
Standard Minute job, his rate will be 
$0.02 per Standard Minute. If he does 
25 pieces per hr, he will get paid for 
75 Standard Minutes, or $1.50. If he 
does 20 or less, he will still get the 
base of $1.20. AM—Mar 1 °54, p108 


Don’t be afraid of excessively high 
bonuses in wage incentive plans. 
An exceptional man may be able to 
work 90 Standard Minutes in an hour, 
but he can’t keep it up, and he will 
certainly take time out for a rest, a 
smoke, or lose time in some other 
way. It will average out in the long 
run to about 75 Standard Minutes per 
hr. The over-all efficiency of the aver- 
age plant doesn’t vary more than 
about 1% from month to month, 
under normal conditions. AM—Mar 
1 °54, p109 


Wage incentives applied to both direct 
and indirect labor at Jones & Lamson 
Machine Co have increased product- 
ivity over 25%. In one case, a ma- 
chine that originally took 1175 hr to 
assemble is being done in 370 hr, and 
the assembly men still manage to earn 
a 25% bonus. AM—May 10 ’54, 
p105 


Wage incentives are applied to 90% 
of employees at Jones & Lamson 
plant, including both direct and in- 
direct labor. Latter includes truckers, 
sweepers, tool designers, process engi- 
neers, leadmen, and foremen. Bonus 
is paid on one-to-one basis, workers 
receiving full pay for time saved. 
Efficiency has increased 25%, take- 
home pay has gone up 30%. AM— 
May 24 ’54, p118 


Assembly time on eight new machines 
at Jones & Lamson was 1175 hr each. 
Methods study was made after sixth 
machine, and time for seventh and 
eighth was 800 hr. When all parts 
were put on individual bonus, time 


was set at 370 hr, and workers made 
25% bonus working against that 
standard. Direct labor savings on 28 
such machines were over $19,000. 
AM—May 24 ’54, p119 


Incentive plans must be based on care- 
fully set standards properly main- 
tained. Laxity in following up changed 
conditions or applying policies con- 
cerning incentives will eventually 
destroy the value of any such plan. 
Jones & Lamson have 42 men work- 
ing on time study in a plant with 
1500 people. Chief benefits of in- 
centive plan are better work habits 
and eliminated delays. Increased 
working speed is only one of many 
effects, may be the least important. 
AM—May 24 ’54, p119 


Careful time studies of timekeepers’ 
jobs, for incentive bonus, resulted in 
design of new desks, new time tickets, 
and new work centers. As a result, 
one timekeeper was enabled to service 
three departments, and number of men 
was reduced from 25 to 11. This 
saved Jones & Lamson $55,000 a 
year. AM—May 24 ’54, p119 


Unexpected results from Jones & 
Lamson incentive bonus system were 
more accurate segregation of direct 
and indirect work, improved mainte- 
nance of tools and machines, need 
for increased number of inspectors, 
improved work storage, and better job 
preparation. Need for better tool main- 
tenance showed up defects in grinding 
practice, and a study on this for bonus 
purposes resulted in reducing number 
of workers from 22 to 8 for the same 
work load. AM—May 24 ’54, p120 


Pension plans at E I du Pont de 
Nemours & Co, originally aimed to 
supplement social security, are being 
amended for both employees and 
executives. New plan is based solely 
on pay and length of service and takes 
no account of social security benefits. 
Payments will be liberalized and old 
ceiling of $2500 a month for top 
executives is eliminated. BW—Mar 
20 °54, p54 


Suggestion plans pay off if properly 
organized and operated. Average pay- 
ment is about 15% of first year’s sav- 
ings, but some companies pay up to 
50%. Be liberal in payments to en- 
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courage ideas and, if savings are 
greater than expected, make supple- 
mental payments and explain why. 
Act promptly on all suggestions to 
maintain employee interest, and main- 
tain a file of rejected ideas because 
you might later accept a similar one. 
Investigate carefully before making 
an award because of the problem of 
duplication. AM—July 19 °54, p144 


Fringe benefits in the Cleveland area 
are costing manufacturers almost 31¢ 
per man hr, according to a survey of 
160 companies employing 75,000 


workers, A4M—Mar 29 ’54, p142 


In their first year as owners, employee- 
owners of Cleveland Pneumatic Tool 
Co received nearly $2 million under 
the profit-sharing plan, and put an- 
other $1 million from investments 
into their trust fund. AM—May 10 
54, p105 


Labor relations 


If you have a well trained assistant 
and want to keep him, make sure he 
is happy in his job, given encourage- 
ment, and adequately paid. AM—Sept 
14 °53, p136 


Is it fair to take a foreman’s top- 
notch assistant to be foreman of an- 
other dep’t? 

It would be very unfair not to do 
so if the assistant rates the job. The 
foreman naturally dislikes to lose his 
assistant, but he should not stand in 
the way of a good man’s promotion 
for purely selfish reasons. AM—Nov 
9 ’53, p156 


How can you deal with a newly pro- 
moted assistant who does not work 
out? 

The only practicable course is to 
transfer him to another dep’t, out of 
touch with the people he has been 
supervising. And don’t appoint another 
man until you are sure he is fit for 
the job. An unofficial probationary 
period will help in making the selec- 
tion. AM—Nov 9 ’53, p158 


Employees at Carboloy can ask ques- 
tions about company operations, plans, 
or policies on special forms provided. 
If signed, employee receives a per- 
sonal reply; otherwise, the reply is 
printed in the plant newspaper. System 
has been effective in putting an end 
to grapevine rumors. AM—Nov 9 ’53, 
p177 


Is it good business to tell workers 
about new orders the company has 
received? 

It can do a lot of good, and is a fine 
morale builder. Also, it puts an end to 
lots of rumors, but some workers may 
seize the opportunity to make unrea- 
sonable demands. AM—Mid-Nov ’53, 
pB178 


Trend in industry today is to keep 
employees informed as to what man- 
agement is doing and thinking. One 
company sends out monthly letters to 
workers telling how business is and 
plotting the new-orders curve on a 
chart. Others hold group meetings, 
give employees a chance to ask ques- 
tions. Companies find it pays off in 
improved relations. AM—Mar 15 °54, 
p119 


The best way to maintain your em- 
ployees’ confidence is to keep them 
informed about the company and its 
business. Let them feel that they are 
sharing the ups and down of the com- 
pany and are being treated as equals. 
Mechanization is important, but men 
are the deciding factor. AM—Sept 14 
*53, p119 


Would an evaluation committee of 
three shop men be a good way to 
judge new workers? 

Consensus is that workers should 
not be made responsible for the suc- 
cess or failure of the hiring process. 
Biggest objection is that it could lead 
to management’s prerogative of hiring 
and firing being taken over by a 
union. AM—Nov 9 ’53, p154 


Should a newly hired toolmaker be 
started on easy or difficult work? 

If you start a new man on a difficult 
piece of work, and he spoils it, you’ve 
only yourself to blame. Always start 
him on fairly easy work and give 
yourself a chance to judge his quali- 
fications before risking his spoiling an 
expensive job. AM—Mid-Nov °53, 
pCss 


Is it good policy to offer a fee to em- 
ployees who get their friends to work 
in the shop? 

Yes: Provided you take proper pre- 
cautions. Make part of the fee con- 
tingent upon the new worker staying 
a certain length of time; have it un- 
derstood that the employee is merely 
recommending, not hiring, the new 
man; and keep in mind the character 


American Machinist « MID-NOVEMBER, 1954 


of the person making the recommen- 
dation. AM—Nov 9 ’53, p156 


Is it fair to ask for a day off on the 
opening day of baseball? 

It has been suggested that a certain 
percentage, chosen by lot, be allowed 
time off, but it may create a prece- 
dent. How about the trout and hunt- 
ing seasons? One company solves the 
problem by taking the entire plant to 
see a night game which will not in- 
terfere with production, and it helps 
build loyalty and boosts morale. AM 
—Nov 9 ’53, p155 


What about the employee with chronic 
halitosis? 

If you can’t make him realize his 
condition by hints in the company 
house organ—which isn’t likely—a 
form letter from the personnel dep’t 
may help. Otherwise, about all you 
can do is to isolate him where he 
won’t offend others, and hope for the 
best. AM—Nov 9 °53, p157 


Should small shop tools be loaned to 
employees for personal use? 

It is generally difficult to do this in 
big shops, but in smaller ones it is 
usually good policy, so long as the 
borrower is made responsible for loss 
or damage, and production is not in- 
jured. It helps morale and creates 
good employee relations. AM—Nov 
9 °53, p159 


Should a machine operator clean up 
around his machine? 

Sweeping up the floor should be 
handled by regular sweepers—it’s 
cheaper—and many unions insist on 
it. But there is usually no objection 
to an operator’s cleaning up his work- 
ing area. Machine cleaning, is defi- 
nitely the operator’s job and he should 
be allowed time for it. AM—Nov 9 
*53, p159 


Should management personnel punch 
a time clock? 

There’s considerable difference of 
opinion on this. Some readers feel that 
everyone should be treated alike, and 
that if foremen punched a card they 
would get credit for the overtime they 
put in. Others point out that higher 
management’s work does not lend it- 
self to exact timing, and that much of 
it may be done outside working hours. 
Time clocks may reduce morale. AM 
—Mid-Nov °53, pB172 
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Is it any of the company’s business if 
personal troubles are causing a man’s 
work to fall off? 

It is a pretty ticklish subject. Some- 
times the compary can help—if the 
man doesn’t feel it is intruding on his 
personal affairs. But if he isn’t giving 
a fair day’s work, the company is justi- 
fied in asking him to put his affairs in 
order, so he can work properly. AM 
—Mid-Nov °53, pB175 


Should a company post baseball scores 
in the plant? 

Either post them or announce them 
over the PA system. It promotes good 
company feeling, and that’s always 
worth doing. AM—Mid-Nov_ ’S53, 
pB180 


How do you treat the problem of a 
shop tattle-tale? 

Generally, the best method is thank 
him politely, and send him back to his 
work with the promise to look into the 
matter. Such people are not an advan- 
tage in any department, and their in- 
formation should not be necessary if 
the foreman is as closely in touch with 
his men as he should be. AM—Mid- 
Nov °53, pC76 


Should a worker be required to pay 
for a diamond which he has lost from 
a wheel dresser? 

If you are sure it is not a case of 
theft, you can’t expect the man to pay. 
But it is a good idea to let workers 
know how expensive diamonds are, so 
they will be more careful. AM—Mid- 
Nov °53, pC88 


Is a coffee wagon a good idea? 

Most people feel that it does help to 
keep energy high and makes the day 
more productive. Distribution depends 
on circumstances, but the men are go- 
ing to get coffee somehow, so you 
might as well make it official. AM— 
Mid-Nov °53, pC89 


Are company sports good or bad? 

Sure they’re good. They are fine 
morale builders. But don’t forget you’re 
in business to make and sell a product. 
So if you’re getting to the point of 
hiring workers for their sports ability, 
you'd better get things back into 
proper perspective. AM—Mid-Nov 
"53, pDS1 


Can a man hold two different jobs 
at once, at different hours in different 
shops? 

It takes a bit of doing, but if 
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he is physically able and his perform- 
ance is satisfactory, there is no reason 
to deny him the right. AM—Mid-Nov 
*53, pDS4 


Should a company pay for glasses or 
hearing aids for men who cannot do 
their job without them? 

If these aids will pay for themselves 
in increased production or lowered 
accident rates, it will pay the company 
to provide them. An alternative is to 
transfer the man to a job or place 
where he will not hurt himself or 
others. AM—Mid-Nov ’53, pE42 


How do you stop feuding between 
two men who are arguing the merits 
of their respective nationalities? 

Try letting them work together on 
the same job, provided you know they 
can be trusted to forget their differ- 
ences in the interests of the job. Or 
call them into the office, let them 
know they are out of line, and sepa- 
rate them as far as possible. AM— 
Mid-Nov ’53, pE48 


Outdoor relaxation for employees is 
provided at Consolidated Engrg Corp, 
Pasadena, Calif. Beautifully land- 
scaped canteen area has rustic red- 
wood furniture, beach umbreilas, and 
piped-in music. Area is used for coffee 
breaks, lunch, meetings, clubs—even 
for stockholders’ meetings. AM—Feb 
iS S492.’ 


For employee convenience at lunch 
time, Remington-Rand has installed 
comfortable wooden, park-type 
benches along one wall of its Elmira 
plant. A hundred or more men can 
now sit in the sun in comfort at lunch 
time. AM—July 19 °54, p157 


Production workers at Thompson 
Products, Cleveland have been given 
public speaking training by company 
personnel. More than 300 are now 
available to speak to _ nationality 
groups, Kiwanis, K of C, Masonic, 
and other social and civic groups on 
the American System vs communism 
and socialism. AM—Feb 15 °54, p105 


Employees working on a lazy-susan 
assembly jig have high morale because 
they get satisfaction out of seeing a 
number of completed units, instead 
of one at a time. Work is made easier 
by arrangement of parts and use of 
goose-neck soldering iron. Production 
is increased 40%. See illustration un- 
der Assembly. AM—Feb 15 ’54, p134 


Employees of George Fischer works, 
Switzerland, have complete convale- 
scent and rest-home facilities, legal 
advice, and financial aid furnished by 
the company. Apprenticeship training, 
vacations, higher education, old-age 
and retirement, and all kinds of enter- 
tainment are made available to em- 
ployees and their families. AM— 
Feb 15 °54, p177 


Is there a way to lead men to reveal 
their scrap work truthfully? 

It can be done, if you let your peo- 
ple know that you appreciate that 
some scrap is unavoidable and will be 
accepted if admitted in good faith. 
Exhibits telling the cost of scrap, and 
its causes, will help to avoid similar 
accidents in the future. AM—Mid- 
Nov ’53, pB168 


How can you avoid one shift blaming 
the other for mistakes? 

It’s a difficult problem, particularly 
when you usually have the least-ca- 
pable men on the night shift—with the 
least supervision. You might try over- 
lapping the shift foremen, or rotating 
them on a weekly basis. Shift rotation 

* usually works well, but is difficult to 
introduce into a standard, fixed-shift 
setup. AM—Nov 9 °53, p157 


Letters to employees can be an im- 
portant factor in cementing personnel 
relations if they are written honestly, 
fairly, and by the right people in -the 
plant. Make the letter personal, and 
tell the truth in what you are writing 
abour. F—Sept °53, p84 


Foremanship 


Should foremen be paid for sug- 
gestions made under suggestion plans? 
Opinion is sharply divided. Some 
feel that suggestions are a part of a 
foreman’s job, also that he might cash 
in on ideas casually offered by a 
worker. Others believe that anyone 
whose ideas save the company money 
is entitled to a reward. In the case of 
foremen, the compensation might be 
in the form of a profit-sharing plan. 
Where incentive plans are in force, 
some feel that the payment for sug- 
gestions would act as an incentive for 
foremen. AM—Nov 9 ’53, p154 


If a toolmaker deviates from the 
drawing and improves the resulting 
part, and does it without the foreman’s 
permission, is he at fault? 
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There are two schools of thought 
on this. One feels that the toolmaker 
used his skill, the company saved 
money, and no harm was done; the 
other feels that tool designers know 
why the part was designed as it was, 
and the toolmaker may not know the 
reason for certain peculiarities. The 
best answer seems to be that the 
change should be made only after 
consultation with the design depart- 
ment. AM—Nov 9 ’53, p155 


How much direct criticism should a 
foreman accept from his men? 

A good foreman should maintain 
sufficient discipline that there will be 
no hot-tempered outbursts. But if 
there are, much depends on who 
creates them. If it is insubordination 
from a poor worker, get rid of him, 
but if it is criticism from a good 
worker, reprimand him for losing his 
temper. But heed the complaint if it is 
justified. AM—Nov 9 °53, p158 


If a man seems to take too long on a 
job, is it wise to give a similar job to 
another man in an effort to check 
the time? 

It is pretty risky. Either there will 
be collusion between the two men, 
or they will both be sore about it. 
In any event it may create unrest in 
the shop, and arouse suspicions of 
spying. Check up on the first man and 
try to find out why he took so long. 
AM—Nov 9 ’53, p158 


Are periodic merit ratings of any 
value? 

Most people think they are. They 
give the foreman a well balanced pic- 
ture of his men, and help in deciding 
on wage increases and promotions. 
AM—Nov 9 ’53, p158 


Should men formally rate their super- 
visors? 

There are some pitfalls, but it can 
sometimes bring to light situations that 
need correction. It can even help the 
foreman to realize shortcomings he 
did not know about. Always keep in 
mind, however, that a foreman’s popu- 
larity does not necessarily indicate 
that he is a good man from the point 
of view of management. AM—Nov 9 
53, p157 


Should a foreman interview a pro- 
spective worker? 

Just about everybody agrees that 
this is a good idea. It may take up part 


of the foreman’s time, but he is best 
equipped to judge the worker’s abili- 
ties. In addition, any personality fac- 
tors that might cause conflict are 
brought out before the hiring takes 
place. AM—Mid-Nov ’53, pB167 


Can a foreman set up visiting hours 
and see his men only on schedule? 

It would be very convenient, but 
shops don’t work that way. Problems 
come up at all sorts of hours and have 
to be settled at once, or production 
may suffer. AM— Mid-Nov_ ’S53, 
pB171 


Should workers have a voice in the 
selection of their supervisor? 

The qualities that management 
wants in a supervisor are usually op- 
posed to those labor would like to see. 
Still, men can be led by the right man, 
and the wrong man can do more 
harm than good. So, if you do ask 
them, weigh their votes carefully to 
find a common meeting ground. AM 
—Mid-Nov °53, pB172 


Do production workers have the right 
to argue politics at work? 

It’s OK if the talk continues during 
normal work and does not slow pro- 
duction, but if it stops work and de- 
velops into heated arguments, the 
foreman’s duty is to put an end to it. 
AM—Nov 9 ’53, p154 


Can a worker bypass his foreman and 
take a complaint to higher rutherity? 

Under rm >rmal circumstances, no. In 
an extreme case he may inform a 
dictatorial foreman that he is going to 
take the matter up with the foreman’s 
supervisor. AM—Mid-Nov ’53, pB176 


Should a worker fired by one foreman 
be hired by another in a different 
department? 

It is a serious blow to a foreman’s 
prestige to find that the company has 
rehired a man he had judged unsatis- 
factory. It is far better to have an 
evaluation interview before discharge, 
and to arrange a transfer if advisable. 
AM—Mid-Nov ’53, pB180 


What recommendation should you give 
a worker who quit in the heat of an 
argument, if his conduct has other- 
wise been acceptable? e 

If the foreman had been even-tem- 
pered, the fight would never have 
happened, so don’t take it out on the 
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ex-worker by queering his new job. 
The very least you can do is to state 
the man’s qualifications as a mechanic, 
even if you have qualms about his 
personality. AM—Mid-Nov ’53, pC88 


Is it reasonable for a worker to ask 
to meet his foreman before he accepts 
a job? 

It’s not only reasonable, it’s a 
necessity. When they have a chance 
to look each other over, there’s less 
chance of friction later on. AM—Mid- 
Nov ’53, pC90 


Should a foreman sign a financial note 
for an employee friend? 

No. He is jeopardizing his position 
as supervisor by doing so. For one 
thing, he is not likely to fire a man 
whose note he holds, even though such 
action would be justified, and the bor- 
rower might take advantage of this. If 
the matter is really urgent, it should be 
possible for the company to arrange 
the loan. AM—Mid-Nov °53, pC91 


If a foreman hires a man from a plant 
from which he himself quit a year 
ago, is this labor stealing? 

After a lapse of a year, certainly 
not. But if you keep losing good men, 
you had better look around your own 
plant and see what is the matter with 
your wages or working conditions. 
AM—Mid-Nov °53, pD50 


If a man is found to be using an 
alias, should the foreman report the 
matter? 

The personnel manager should 
be advised of the matter, and it be- 
comes his business from there on. Most 
employment applications caution 
against false statements, so the man 
is in the wrong. Most large plants 
require a birth certificate, so this con- 
dition cannot legally arise. AM-——Mid- 
Nov ’53, pE44 


If a man wants time off for personal 
affairs, should the foreman allow him 
to take it as sick leave? 

No. It would be an abuse of privi- 
lege. If the man really needs the time, 
it should be granted without subter- 
fuge. AM—Mid-Nov °53, pE46 


Corrective interviews with the parties 
concerned can often cure the troubles 
when things start to go wrong. Avoid 
public reprimands because they often 
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backfire. Talk things over quietly with 
the worker and find out where the 
trouble lies; then adjust the correc- 
tion to the individual. It takes skill 
and tact to avoid hurting anyone’s 
feelings. AM—Nov 23 °53, p128 


Job turnover of executives in industry, 
according to McGraw-Hill annual 
check, is 54%. Out of every 1000 
key men, 460 stay on their jobs, 326 
are replaced. 149 move to different 
locations, 65 change titles. 4M—Dec 
7 °53, p105 


Should foremen be given advanced 
training in formal courses? 

Mechanical progress almost de- 
mands some sort of planned educa- 
tion, yet many foremen feel that their 
years of experience have taught them 
all they need to know. The best way is 
to avoid the schoolroom approach and 
to make participation voluntary after 
the first one or two sessions. AM— 
Mid-Nov °53, pB169 


Does it pay to spend extra time with 
new employees on their first day on 
the job? 

It certainly does. Not only does it 
make a new man feel more at home, 
but it gives the foreman a chance to 
evaluate the new man and place him 
where he can use his maximum skill 
to best effect. AM—Nov 9 °53, p157 


Personnel . . general 


Should a toolmaker be “dressed up” 
at work to emphasize the dignity of 
his calling? 

The old-timers used to do it, but 
they had unusual skill to be proud of, 
too. Many of the old characteristics 
are not now in much demand, but 
perhaps if someone were to revive 
the old idea, and match it with equiva- 
lent ability, it might inspire others to 
improve their pride of workmanship. 
AM—Nov 9 ’53, p155 


Survey made by one company indi- 
cates that, with the same wages and 
equipment, productivity per man is 
higher in the South than in the North. 
This confirms similar findings during 
World War Il. AM—Nov 9 ’53, p177 


How can workers in a medium-size 
shop be made safety-minded? 

To be effective, safety rules must be 
enforced with absolute rigidity from 
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top to bottom, but use persuasion, too. 
Don’t allow partial, whim-of-the-mo- 
ment enforcement. AM — Mid-Nov 
°53, pB184 


What do you do about a broken ma- 
chine when “no ove” broke it? 

First, find out whether the machine 
was faulty. If so, nothing can be done. 
If the machine was OK, chances are 
that someone pushed the wrong button 
in ignorance. It’s a good idea to call 
all the men together, tell them what 
happened, and how it could have been 
prevented. AM—Mid-Nov °53, pC83 


If a worker buys and applies carbide 
tools after you have refused his sug- 
gestion to do so, is it right to pay him 
the resultant high productivity bonus? 

Of course, it’s right—he earned it, 
didn’t he? And don’t try to take refuge 
behind the claim that the increased 
wear of the machine will offset the 
savings. On that basis, if the man did 
no work there would be no wear, so 
you should pay him more. AM— 
Mid-Nov °53, pD51 


It is helpful to assign a production 
man to look around the shop for ways 
of improving operations? 

It can help. You could transfer a 
good man to the methods dep’t and let 
him spend full time at it, or you might 
pick a poor man whose potential has 
not developed properly. He might im- 
prove his own methods, too. But you 
must expect to police the system to 
stop it from turning into an excuse for 
loafing. AM—Mid-Nov °53, pD56 


Is it practicable to rotate production 
men so they can all run all types of 
machines? 

It may help to save lost time 
when a machine is down, and it is 
good training, but it can, at times, 
gum up production schedules, and it 
may result in demands for higher pay. 
A specially trained “fill-in” squad 
might be a good idea, but you must 
expect additional maintenance, be- 
cause men are less careful of a ma- 
chine that is not their “own.” AM— 
Mid-Nov ’53, pES50 


Employer’s right to discharge an em- 
ployee as a poor security risk has been 
uphe]d by regional NLRB in Cleve- 
land. Worker, an AFL union shop 
chairman, refused to tell Ohio Un- 
American Activities Commission 


whether he was a communist. AM— 
Feb 15 °53, p105 


Technicians performing highly skilled 
jobs frequently possess capabilities that 
would qualify them for jobs as engi- 
neers, though they lack the college 
degree. To take advantage of these 
skills, and to facilitate upgrading, Air- 
borne Instruments Lab, Mineola, NY, 
and Federal Telecommunications Lab, 
Nutley, NJ, have instituted a program 
whereby technicians can take oral and 
written examinations to qualify them 
for engineering positions within the 
plant. AM—Feb 15 °54, p127 


How strictly should a company en- 
force rules against minor pilferage? 

Control is pretty difficult, and often 
costs more than it saves. One of the 
best ways seems to be to sell small 
items—the sort of things that dis- 
appear. This can also be extended to 
scrap parts and odds and ends of 
materials employees want. AM—Mid- 
Nov °53, pC79 


Loyalty to your boss, to your com- 
pany, and to the customer are the 
primary requirements in any job. 
Your own personal requirements must 
always be secondary to those of the 
man who is paying you. Forget the 
old cliché about “apple-polishing”; 
figure out what the boss wants, then 
try to do it without being told. Try to 
find out your own job weaknesses and 
correct them. AM—April 26 °54, 
p105 


APPRENTICESHIP AND 
TRAINING 


Training Time 


Training time is reduced and employee 
morale improved by introduction of 
dip soldering. Breadboard mockups 
with actual components mounted on 
full-size layout help train novice as- 
semblers. AM—Aug 17 °53, p105 


Teaching trainees to reach optimum 
speed on piecework is often difficult, 
even when work details have been 
thoroughly learned. Adjustable timer 
provides stimulus by encouraging 
worker to “beat the clock.” Light 
flashes on timer at intervals preset 
slightly faster than operator’s present 
pace. When he learns to beat this 
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time, it is reset slightly faster again 
until he is working at optimum speed. 
Operators at Tung-Sol Electric like 
the idea because it enables them to 
make more money. F—Oct 53, p150 


Short-term learner courses suggested 
by NMTBA are designed to make a 
productive worker out of a new em- 
ployee in the shortest possible time, 
and to screen out inept new employ- 
ees. Three different learner plans are 
suggested. AM—Nov 9 °53, p152 


College Training 


Machine tools and _ metal-forming 
equipment in colleges and vocational 
schools are beginning to show their 
age. 53% are at least 10 years old, 
16% over 20 years old. Survey is 
based on 103 institutions. AM—Mid- 
Nov °53, pA88 


Primary objective of a machine-tool 
course in college is to inculcate the 
student with the fundamental pro- 
cesses of metal processing, and to in- 
troduce him to the basic machine 
tools. Students at St. Louis University 
who are first given the basic principles 
are more enthusiastic about machine- 
tool work than those who start directly 
on the machines. Second primary ob- 
jective is to instill an appreciation 
of the necessity to integrate theory 
with practice. Third primary objective 
is to encourage and develop creative 
thinking. AM—Mar 1 °53, p100 


Secondary objective of machine-shop 
course in college is to develop appre- 
ciation and respect for machine work 
and workers. Objection to the course 
often results from low level of instruc- 
tion and poor quality of the course, 
also from the general impression that 
shop subjects are “snap courses” re- 
quiring no study or intellectual devel- 
opment on the student’s part. Other 
objectives are to train the student in 
logical and efficient working pro- 
cedures and in the importance of 
health and safety in plant operation. 
AM—Mar 1 ’54, p100 


Apprenticeship 


Apprentices in Detroit tool and die 
shops may be hired in ratio of 1 to 8 
journeymen. New class of apprentice 
—tool and die machinist—is created, 
in addition to tool and die maker. AM 
—Aug 3 ’53, p93 


Only 6000 apprentice machinists and 
tool and die makers are being gradu- 
ated each year—not nearly enough 
to offset the 4% annual attrition. 
Continuing supply of skilled trades- 
men can be obtained only by com- 
panies training their own apprentices. 
AM—Nov 9 ’°53, p130 


Tool and diemaker apprenticeship 
usually involves complete machinist 
course, followed by about 2500 hr of 
special training in toolmaking, tool 
design and layout, and metallurgy and 
heat treating. However, some larger 
companies operate machinist and tool 
and diemaker courses of 8000 hr each. 
AM—Nov 9 ’53, p151 


Twenty companies in South Essex, 
England, cooperate in a mutual ap- 
prentice training program. Apprentices 
are interchanged between companies, 
as are ideas and experiences on ap- 
prenticeship schemes. Approval of boy 
and parents is obtained for each 
change, but parent company pays 
wages throughout. Scheme is operated 


in cooperation with local schools and 
with union approval. Trainees attend 
Technical College on part-time basis, 
plus a one-week, annual residential 
course. M—Aug 8 ’53, p1281 


Most British tool and gage manufac- 
turing companies have a regular ap- 
prentice training program and go to 
considerable lengths to recruit the 
right type of youths. Some operate on 
a verbal agreement basis, but most 
require formal indentures. Most shops 
offer complete and thorough training, 
and the GTMA has a suggested cur- 
riculum for a course of practical in- 
struction. M—May 22 54, p873__~ 


Apprentice plan for maintenance me- 
chanics at Hercules Powder makes 
top-rate journeymen in four years. 
Plan is open to all employees and has 
full union sanction. Operated by fore- 
men, administrative costs are extreme- 
ly small. F—Sept ’53, p96 


Cost of training apprentices averages 
between $1500 and $2000 a year per 





REPRESENTATIVE BREAKDOWNS OF APPRENTICE MACHINIST TRAINING 


COMPANY “X”' AREA COUNCIL STATE COUNCIL COMPANY “O” 


Type of instruction 


NMTBA 


Hours of training 





Tool crib 
Lathes 2600 
Milling machines 900 
Shaper, slotter 1080 
Planer 
Grinders, polishers 
Punch press 
Jig borers 
Screw machines 
Machine Insp & repair 
Layout 

Layout & bench 
Profile machines 
Ex-Cell-O and broach 
Heat Treating 
Toolmaking 

Tool inspection 

Tool design 
Foundry 
Bench & floor work 1400 
Welding 
Boring mills 
Gear cutting 
Drilling and tapping 400 
Review, unscheduled * 300 
TOTAL HOURS 9000 


200-400 
400-600 
200-400 
300-500 
200-500 

8000 


320-480 160 

1280-2080 
800-960 1360 
160-320 400 
320-480 400 
400 


160 


280 
480 


240 
80 
80 

800 

120 

160 
40 

200 


700 500 


480-800 200 300 
204 


8000 8000 6000-8000 





REPRESENTATIVE BREAKDOWNS of apprentice machinist training courses. 
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man, but much of cost can be written 
off because the apprentice assists in 
actual production during training. AM 
—Nov 9 '53, p130 


Apprentice training cannot be a hit- 
or-miss proposition. For successful 
operation, it must be carefully planned 
and operated by a competent, full- 
time training director. Information and 
assistance in establishing a program 
can be obtained from the Dep’t of 
Labor, Bureau of Apprenticeship. AM 
—Nov 9 ’53, p131 


Detailed outline for apprenticeship 
training course, as suggested by 
NMTBA, is given. AM—Nov 9 °53, 
p138 


Length of machinist apprenticeship 
varies, but Bureau of Apprenticeship 
recommends 4000 hr or more, plus 
144 hr per year for related instruc- 
tion. Nat'l Machine Tool Builders 
Ass’n recommends 6000 to 8000 hr, 
divided into 2000 hr per year, plus 
144 hr per year of classroom instruc- 
tion. AM—Nov 9 ’53, p133 


Rates of pay for apprentices vary 
widely, but the Bureau recommends 
50% of journeyman pay for first 1000 
hr, increasing by 5% for each suc- 
cessive 1000 hr to 90% for the eighth 
period. For evening classwork, some 
companies pay full time, others half 
time, some pay nothing. AM—Nov 9 
53, p134 


Training . . general 


Operating models of machine tools 
enable draftsmen and engineers to 
become acquainted with manufactur- 
ing equipment and processes in a 
classroom without danger and with- 
out interfering with shop work. AM 
—Aug 17, ’53, p110 ‘ 


Proper job imstruction will avoid 
many accidents and produce capable 
workers. Improper training makes un- 
satisfactory and dangerous lever-push- 
ers. AM-—Aug 17 °53, p111 


Employers’ Association in England 
has organized a school for teaching 
work and motion study. Course lasts 
eight weeks and is limited to ten men 
per class. Twe weeks of course are 
spent at student’s plant putting theory 
into practice, followed by two weeks 
in school explaining what he has done. 
Students are appointed by plant man- 


Als 


agement who must also spend a week- 
end in an appreciation course before 
the class starts. Purpose of the course 
is to increase British productivity by 
acquainting management with the po- 
tentialities of time and motion study 
and job evaluation—not widely used 
in smaller British firms. M—Sept 19 
*53, p1561 


Blind men, taught to operate turret 
lathes and other machine tools by 
New Hampshire Technical Institute, 
provide a new source of skilled man- 
power for industry. AM—Oct 12 °53, 
p105 


Fire prevention training program at 
Hartford Machine Screw Co insures 
that all employees know how to select 
and use extinguishers, how to handle 
flammable materials, and how to pre- 
vent fires. AM—Nov 23 ’53, p155 


School for training and qualifying 
weldors is set up during construction 
of Paducah atom plant. Students must 
pass AEC qualification tests for all 
types of welding on alloy steel, alumi- 
num, nickel alloys, and stainless steel. 
AM—Jan 4 °54, p94 


Employees at Minneapolis-Honeywell, 
Philadelphia, are attending classes on 
handwriting, with emphasis on num- 
ber formation to help avoid many of 
the elementary mathematical mistakes 
that occur in plant records. AM— 
June 21 °54, p165 


MAINTENANCE AND 
SALVAGE 


Maintenance 


Belt lengths for a range of pulley 
diameters can be obtained from a 
nomograph. See chart under Assembly. 
AM—Sept 28 °53, p157 


Metalworking equipment in mainte- 
nance shops is generally older than 
that in production shops, 61% being 
at least 10 years old, and 31% over 
20 years old. The situation, however, 
is improving. An estimated 134,000 
metal-forming units, and 356,000 ma- 
chine tools are employed in mainte- 
nance work. Air transport is in the 
best position in this regard, railroad 
shops in the worst. AM—Mid-Nov 
53, pA86 


TEST CART designed and built by Ryan 
Aeronautical Co has fittings and gages to 
check air-tool speed, airflow, power output, 
and to allow proper lubrication. Each tool 
is checked weekly; defectives are sent to 
repair shop before serious damage occurs. 
On 4000 tools in the shop, savings amount 
to $20,000 e month, AM—Mar 15 ‘54 
pi53 


Air test cart at Ryan Aeronautical Co 
circulates through plant, periodically 
checking and lubricating air-operated 
tools. Tachometer, flow meter, and 
test gage enable tests to be made under 
full load. If tests now being made in- 
dicate that molybdenum sulfide lubri- 
cant will not be removed by cleaning 
solvent, cart will also be used for on- 
the-spot cleaning. AM—Feb 15 °54, 
p177 


Poor performance of air tools can be 
traced to many factors. Worn valves 
and washers in quick-disconnect fit- 
tings can cause serious power losses, 
so can necking down of pipelines, 
followed by sudden expansion into 
larger-dia lines. Slightly undersize 
hose lines can reduce pressure 1 psi 
per foot of length, and excessive 
length of hose can be an important 
factor. Even uncoiling a long hose 
may increase pressure 2 psi. Attention 
to these factors, plus replacing tapered 
valves by square-cornered valves, and 
limiting to ten the number of fittings 
attached to a %-in. pipe inlet has 
increased tool power 200% at Ryan 
Aeronautical Co. AM—Mar 15 °54. 
p154 


Mist lubrication is widely employed 
at Hoover Co plant, North Canton, 
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Ohio. Applications include degreaser 
conveyor chains, presses, polishing 
lathes, drillpresses, tablet compressors, 
and conveyor chains. System saves 
maintenance, cuts down bearing re- 
placement, eliminates downtime for 
lubrication and repair, and stops oil 
drip on floor and oil traces on prod- 
uct. F—Mar °54, p96 


Special machine developed at Pan 
American Airways’ shops, San Fran- 
cisco, permits re-boring exhaust ports 
and re-seating exhaust port couplings 
by semi-skilled mechanics. Device is 
built up from a Rusnok mill head and 
a mechanically operated ram placed on 
opposite sides of an indexing turn- 
table. AM—April 12 °54, p250 


Lathe alignment is virtually guaran- 
teed by dating system that gives quick 
check on time since last inspection. 
All machine tools in Nebel Machine 
Tool plant, Cincinnati, are inspected 
and adjusted, if necessary, every three 


months. Then date is stenciled on red- | 


painted panel. AM—May 24 °54, 


p116 


Machine tools at Ford’s Livonia tank 
plant are stored for future use by a 
mothballing process in which the entire 
warehouse serves as a cocoon. Ma- 
chines and tools are cleaned and pre- 
served internally and externally, then 
moved to warehouse in which rela- 
tive humidity is maintained at 45%. 
No heat is provided. Precision tools 
and gages are dipped in strippable 
plastic which, Ford says, is cheaper 
than light oil. AM—May 24 54, p166 


Repair and salvage 


Bent shafts can be straightened with- 
out pressing or hammering, by apply- 
ing heat at the right place. Accuracy 
can be held within 0.0005 in. AM— 
Aug 17 °53, p112 


To produce square corners on edges 
of extrusion screw, or other work, by 
building up 1/16 to 3/32 in. with 
hard-facing rod, as at A, deposit 
heavy central bead and two light 
corner beads, as at B. For thin web, 
as at C, single bead would suffice. See 
illustration under Welding. AM—May 
24 °54, p126 


Worn surfaces can be rebuilt by hard 
surfacing, using any of several tech- 


niques. Areas subject to severe abra- 
sion can be protected and their life 
increased by the same techniques. 4M 
—Aug 17 °53, p113 


Castings not acceptable on account 
of porosity are sealed at Ford by im- 
pregnating with sodium silicate and 
particles of copper, aluminum, carbon 
black, and potassium permanganate. 
Job is done in a high-pressure auto- 
clave and salvages 95% of the re- 
jected castings. AM—Oct 12 ’S53, 
p169 


Methods of repairing and recondition- 
ing ways, spindles, frames, hydraulic 
components, and replacing bearings 
and bushings of machines wrecked 
in GM’s Livonia fire are described. 
AM—Nov 23 °53, p130 


First step in salvaging machines from 
Livonia fire was to scrape and chip 
off heavy accumulations of “crud.” 
Next, steam, detergents, wire brushes, 
emery cloth, and hand scrapers were 
employed. Accessories were removed, 
then spindles and ways were masked, 
and sandblasting and snagging were 
employed. Machines were prime 
painted immediately to prevent oxida- 
tion. AM—Nov 23 ’53, p133 


Machine beds, saddles, and housings 
cracked in non-critical areas in Livo- 
nia fire were repaired by arc welding. 
Beads were limited to 1 in. long to 
minimize heat input and avoid warp- 
ing Maximum permitted temperature 
in area adjacent to weld was 125F. 
Best results were obtained with 1/8- 
in. N1 or Eutectic welding rods. AM 
—Nov 23 °53, p134 


After repairing one cell of industrial 
truck battery, extra-long charge is re- 
quired to bring it back to normal. In 
default of special charging equipment, 
leave cell out of circuit during day- 
time operation, but connect it back 
with jumper wire during charging 
period. Continue until cell will hold 
constant reading for four charging 
hours, then connect it back perma- 
nently into the circuit. AM—Feb 1 
54, p137 


To produce a perfect match for the 
ends of bandsaw blades before butt- 
welding, twist the ends to bring the 
back of one blade end even with the 
front of the other. Hold them in align- 
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ment by hand and grind both ends 
flush. The result wiil be a perfectly 
matched joint, more accurate than 
most people can make by grinding 
and checking each end separately. See 
illustration under Sawing. AM—Mar 
15 °54, p167 


SMALL BRASS BUSHINGS that hed beer 
turned 0.00! in. undersize were salvaged by 
knurling the OD. in a “centerless” setup on 
a lathe. A straight knurl was mounted on e 
\/4-in. shaft held in a collet, and a standard 
knurl in the toolpost. With the lathe run- 
ning forward, parts were fed between the 
knurls from the tailstock end. Knurling action 
fed the work toward the headstock and 
dropped it into a tote pan. AM—Mar 29 
54, pl27 


Many British companies are now hav- 
ing their machine tools completely re- 
conditioned on a regular schedule by 
specialist overhaul companies. One 
such company handles only single- 
spindle automatics, and does it on a 
production-line basis. Spare parts for 
American B & S machines are manu- 
factured at the plant and carried in 
stock. All scrapped parts are returned 
to the owner with the rebuilt machine 
to avoid possibility of charges of un- 
necessary replacement. M—Mar 27 
°54, p521 


Rejections on finished aircraft-engine 
parts, caused by machining errors, 
stains, Or engineering changes have 
been reduced to nearly zero by the 
skillful craftsmanship of a group of 
45 quality-review repairmen at Pratt 
& Whitney. Work includes such oper- 
ations as drilling omitted holes, plug- 
ging and drilling improperly located 
holes, blending machining cuts, and 
correcting stripped threads and 
crooked holes. AM—July 5 °54, p117 


Carbide tool tips broken or worn too 
thin for further service are salvaged 
at Bethlehem Steel Co by removing 
from the shanks and cutting to a new 
size for milling cutters or small-tool 
applications. Work is performed by a 
special salvage group in the toolroom 
AM—July 19 ’54, p157 


Al9 





All references to actual 
machining operations, 

as distinct from cutting 

or shaping by pressure 

or impact, are classified 

in this section. Cutting 
fluids are included as 
essential to these processes 


@ DRILLING AND REAMING 


Special and multi-spindle drills 
Gun drilling 

Lathe drilling 

Drill fixtures 

Drill coolants 

Drill safety 

Drilling special materials 
Drilling — general 

Reaming 


TURNING 


Special machines 
Automatics 

Contour and copy turning 
Turret lathes 

Coolants 

Tooling 

Turning special materials 
Turning — general 


BORING 


Special machines 
Trepanning 
Boring — general 


MILLING 


Special machines 
Speeds and feeds 
High-helix milling 
Routing 

Coolants 

Special materials 
Milling — general 





@ GRINDING 


Special machines 
Centerless grinding 
Abrasive belt grinding 
Gear grinding 

Tool grinding 

Electrolytic grinding 
Grinding coolants 
Grinding wheels 

Grinding special materials 
Grinding — general 


GEAR CUTTING 


Hobbing 

Shaping 

Bevel gear cutting 
Gear shaving 

Gear cutting — general 


BROACHING 


TAPPING AND THREADING 


Special tapping machines 
Tapping coolants 

Tapping special materials 
Tapping — general 

Special threading machines 
Thread rolling 

Threading — general 


PLANING AND SHAPING 


SAWING AND CUTTING OFF 
Bandsawing 

Circular sawing 

Saw coolants 

Sawing and cutting off — general 


HONING AND LAPPING 

Honing 

Lapping 

ELECTRICAL DISCHARGE MACHINING 
OTHER MACHINING OPERATIONS 


CUTTING FLUIDS 


CO, coolant 

Mist and jet cooling 
Grinding 

Fluids for special materials 
Cutting fluid treatment 
Cutting fluids — general 


Machining 


DRILLING AND REAMING 
Special and multi-spindle drills 








z 





i 











THREE MODERN TRANSFER MACHINES 
in mew Ford setup replaces 29? machines 
used in 1942 for drilling holes in crankshafts. 
AM—Oct 12 ‘53, p!28 


Special machine drills, reams, and 
mills rocker arm supports at the rate 
of 750 pieces per hr, with one oper- 
ator. Part of Ford modernization 
program, machine replaces four oper- 
ators at a gang drill and one at a 
horizontal mill, producing only 38 per 
hr. AM—Oct 12, °53, p137 


Special indexing machine at Ford 
plant performs seven operations, in- 
cluding drilling, tapping, counterbor- 
ing, and spotfacing. Operation was 
formerly performed on seven drill- 
presses, with work passed from one 
machine to another. AM—Oct 12 ’53, 
p138 


Modern indexing machine at Ford 
plant replaces a line of 13  single- 
spindle drillpresses, takes much less 
floor space, and produces better work, 
because of improved fixturing. AM— 
Oct 12 °53, p140 


Cylinder blocks for Lincoln cars are 
drilled and reamed for valve stems on 
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transfer machine. Blocks are placed 
on loader, then turned and rotated to 
line up tools with holes. AM—Oct 12 
*53, p143 


Automatic transfer machine with 10 
stations and 15 fixtures drills 15 holes, 
reams 9, countersinks 12, taps 13, and 
spotfaces a pad on a Ford flywheel 
housing, using two operators. Old set- 
up of multi-spindle drillpresses re- 
quired five operators. AM—Oct 12 
53, p144 


Multi- spindle, four-head machine 
drills, counterbores, reams, and taps 
holes in pads on M8E2 cargo carrier 
hull while part is still positioned in 
milling fixture. AM—Oct 26 ’53, p116 


Railroad axles are countersunk, 
drilled, and tapped at both ends 
simultaneously on two-way Baker, 
automatic unit. Loading, chucking, 
transfer, and ejection are all auto- 
matic. Cycle time is 4 min. AM—Jan 
4 °54, p130 


Special Natco machines fcr drilling, 
reaming, and parting bearing-cap 
clusters are equipped with automation 
device consisting of a transfer unit 
and a combination hopper and load- 
ing device for storing the castings and 
feeding the machine as needed. Labor 
savings amount to $8000 per year, 
total cost of equipment was $20,000, 
sO amortization time is 2% years. 
AM—April 12 °54, p181 


Self-contained drill units can be 
mounted in a wide variety of ways 
to construct special-purpose machines 
without the expense of special designs. 
Units have controllable rapid advance, 
feed rate, stroke length, and auto- 
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matic retraction. Built-in limit switch- 
es permit remote control. A4M—May 
24 °54, p122 


Ultrasonic, sensitive drillpress of 50-w 
capacity is now in production by Mul- 
lard Ltd, in England and is said to 
permit accuracy to 0.0005 in., surface 
finish to 8 mu in. Maximum depth 
of any material to be drilled is 1% in. 
Unit is bench-type with three velocity 
transformers, and tip diameters of %, 
%, and % in. AM—June 7 54, p113 


Pump housings are fed to special 
Avey index drilling machine along 
gravity conveyor from Bullards. Com- 
bination tools in first cycle produce 4 
drilled and spotfaced holes in bosses, 
and an angular head drills one hole 
at 25° angle. At second cycle, one 
drilled hole is reamed for locating, a 
hole is drilled at 65°, and two holes 
are drilled, countersunk, and tapped. 
Finished parts pass down ramp to next 
machine. AM—June 7 °54, p139 


Clutch assemblies are drilled for bal- 
ance with a special rig consisting of an 
air drill mounted on an air cylinder 
which, in turn, is mounted on the bed 
of the balancing machine. See illus- 
tration under Portable Tools. AM— 
June 21 °54, p131 


Inverted air drill in special fixture pro- 
duces locating center in bottom of 
cylinder-head rocker box, after air 
cylinders clamp work in position. 
Head is aligned in plane 90° to clamp- 
ing action by air-operated finger at 
rear. Center drill permits locating 
rough casting for boring, counterbor- 
ing and facing ID in special chucking 
and boring machine. AM—July 19 
*54, p123 
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MANAGEMENT,.PERSONNEL 


MACHINING 


TOOLING 


PRESSWORKING, 
MOLDING, CASTING 


INSPECTION, TESTING, 
QUALITY CONTROL 


ASSEMBLY, WELDING, 
PORTABLE TOOLS 


HEAT-TREAT, CLEANING, 
FINISHING © 


V4 


MATERIALS, COMPONENTS 


MATERIALS HANDLING, 


. SERVICES 


PRIZE IDEAS, 


‘ REBUILT EQUIPMENT 


A 





AM production nuggets . . . MACHINING 


BAKER DRILLPRESS is equipped with two 
air cylinders for drilling clutch hubs. One 
operates the fixture that locates and holds 
the hub under the spindle; the other works 
from a foot control to raise and lower the 


drill spindle. AM—June 2! ‘54, p132 


Gun drilling 


Gun drilling is now being performed 
at high speed and, with proper drill 
angles and coolants, there seems to be 
no limit to speed. Feed per rev is the 
critical factor. At least one case is on 
record of gun drilling at 1190 sfpm 
in steel. AM—Mid-Nov °53, pC7 


Gun-drilling machine built from dis- 
carded Browne & Sharpe No. 0 screw 
machine specially for gun-drilling 
aluminum textile spindles effected re- 
markable economies. Original method 
required five operations, production 
was 25 per hr, and scrap was high. 
With new machine, production is 60 
per hr, scrap is negligible, and finish 
is better than 6 mu in. Only one oper- 
ator is required, and a single opera- 
tion. Tool life is 10,000 pieces per 
grind. AM—Feb 15 °54, p162 


Lathe drilling 


Small hole, 0.0197-in., is drilled by 
holding work in lathe chuck rotating 
at 2500 rpm, and rotating drill in 
opposite direction at 2000 rpm in air 
drill unit. Feed is by finger pressure 
on drill housing. AM—Aug 17 ’53, 
p101 


Electric drill mounted on rear tool- 
post of turret lathe permits side drill- 
ing with work still in chuck. Index 
plate fastened to chuck locates hole 
positions. Sliding contact switches 
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drill on when it is moved forward for 
drilling, turns it off when it is moved 
away. See illustration under Portable 
Tools. AM—Feb 1 ’54, p125 




















“Sleeve 


CAP screwed on lathe headstock spindle 
holds adapter sleeve when drill chuck shank 
is knocked out. To remove sleeve, unscrew 
cap and knock out. AM—Nov 9 ‘53, pié5 


Drill coolants 


Mist cooling offers some advantages in 
drilling, but is not effective to more 
than 2 or 3 drill diameters. AM—Sept 
14 °53, p151 


Drills can be cooled by COz snow 
jetted close to the point of entry to 
prevent heating and thermal distortion 
of work. EN 25, about 1 in. thick 
has been drilled at 700 rpm with HSS 
drills at 0.04- to 0.08-ipr feed with 
negligible drill wear after 100 holes. 
Jobs requiring flute lubrication to re- 
move chips are not practicable for this 
coolant. AM—Feb 15 ’54, p133 


Drill safety 


Drillpress operation is made safer and 
easier by wiring a foot-switch in series 
with main switch. Machine cannot 
run unless foot-switch is pressed. 








----Driving bor 


Spindle stopping and jogging are 
faster, and both hands are free. AM 
—Oct 26 °53, p192 


Drill fixtures 


To avoid expensive drill jig for large 
number of small holes in thick stock, 
holes are centerpunched in a dieset in 
which centerpunches replace pierc- 
ing punches. One press stroke locates 
all holes accurately and simultane- 
ously. AM—Dec 7 °53, p142 


Special ball-and-socket block, made 
by Temco Aircraft, Dallas, facilitates 
angle drilling. Block incorporates a 
socket which can be clamped around 
a ball to lock it at any desired angle. 
A suitable drill bushing is inserted in 
the ball. To adapt it to contoured 
surfaces, the block has five capscrew 
legs which can be adjusted to form 
a solid base so it can be clamped to 
the work. For exact setting, the angle 
may be set on a sine plate. The tool 
may be used on a drillpress or with 
a portable drill. See illustration under 
Tooling. AW—Feb 15 °54, p37 


Additional item and illustration in next 
column, 


Parallels placed between vise jaws to 
raise a workpiece have an annoying 
habit of falling over when work is 
placed on them. To avoid this, insert 
a block of soft sponge rubber between 
them; it will exert enough pressure to 
prevent the parallels from falling. P 
—June *54, p140 


Lathe drilling 
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Bushing---~ 
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Planetary gear----s 
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*-Joper to fit tail 
stock or hex turret 
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“"““Stotionary arm 


~-~=Thrust bearing 





PLANETARY GEAR attachment for tailstock or turret permits rotating drill at optimum speed 


when work speed cannot be increased. 
chuck. 


Planetary gear is driven by bar contacting work or 
Gain in drill speed is: Spindle speed multiplied by ratio of number of teeth in 


planetary gear to number of teeth on driving gear. AM—Nov 9 ‘53, pl 64 


1955 Production Planbook 





TRUNNION FIXTURES are used by De Laval Steam Turbine Co for a wide variety of drilling 
operations. Made from boiler plate, they consist of two A-frames that can be clamped at 
any desired point along a bed. One frame acts as the head and mounts an index plate 
connected by a shaft to a worm-gear drive. The drive can be operated by hand, through 
a tap driver from the drill spindle, or by independent motor drive. The tap driver serves 
as a friction clutch in case operator fails to release index pin and unlock tailstock. AM— 
April 26 '54, pli2 
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= Slow spiral-polished flutes 





ACRYLIC PLASTICS can be drilled with standard drills, but better results are obtained if 
slow-spiral, polished-flute drills are employed. Drills should be modified according +o 
depth/dia relationship of hole. Compressed air or soluble oil coolant may be used. With 
the latter, use an oil-hole drill, or apply coolant through pilot hole. AM—Feb | ‘54, p!20 


For drilling titanium, best results are 
ebtained with short, sharp drills— 
particularly with a wear-resistant 
surface ireatment. AM—June 7 ’54, 
p172 


Accurate, round holes and excellent 
drill life can be obtained when drill- 


Drilling special materials 


Tough titanium alloys wear drills 
rapidly, but Johnson’s Wax 140 has 
increased holes per drill from 3 to 120 
at Seeger Refrigeration Co. AM— 
Mar 1 54, p137 


American Machinist e MID-NOVEMBER, 1954 


ing titanium by using a special grind, 
black-oxide ‘finish, short length, and 
no body clearance. Included angle 
should be at least 150°, rake angle 
zero, and the web cleared to the exact 
center with no chisel point. Slow speed 
is essential and should be 485 to 500 
rpm for No. 40 to 5/16-in. drills. 
Sheet can be drilled dry; for barstock, 
Dypral tapping compound or liquid 
wax may be used. AM—June 21 °54, 
p143 


Tantalum and columbium can be 
drilled with standard HSS drills, but 
the 118° point must be relieved so it 
will not rub on the work. Use carbon 
tetrachloride to prevent galling and 
tearing, and provide good exhaust fans 
to remove the toxic fumes. AM— 
April 12 °54, p196 


Zirconium can be drilled easily, but 
chips tend to jam in bushings. Sharpen 
drills with a smaller angle than the 
normal 118°, and don’t use a drill 
with a large web. A large burr is usu- 
ally left after drilling. AM—April 12 
"54, p202 


Powder-metal parts can be drilled with 
standard HSS drills at a speed of 70 
sfpm. For carbide-tipped drills, speed 
may be increased to 200 sfpm. Power 
feed is preferable at a rate of 0.002 to 
0.004 ipr for % to %-in. drills; 0.004 
to 0.006 ipr for % to %-in.; 0.006 
to 0.008 ipr for % to %-in.; and 
0.008 to 0.012 ipr for % to 1-in. 
AM—April 26 °54, p103 


Cotter-pin holes in threaded surfaces 
on SAE 4340 steel heat treated above 
260,000 psi must be drilled and plug- 
ged with the same steel before heat 
treating. Remove plug after threading. 
Slots must be machined after heat 
treatment. AM—July 5 '54, p135 


Drilling of SAE 4346 steei heat treated 
above 260,000 psi is not feasible ex- 
cept with solid-carbide spade drills, 
and these require sharpening after 
about one diameter of depth. Drill- 
press must be extremely rigid, with 
low feed rates. Submerge work in 
water for cooling. AM—July 5 °54, 
p135 


Drilling . . general 


Drilling feeds and speeds have changed 
little in recent years, but efficiency in 
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hole making has been improved by 
making machines more rigid and more 
automatic. Most outstanding develop- 
ment has been the introduction of 
multi-spindle way drills and transfer 
machines. Carbide drills are not yet 
satisfactory for average work in steel. 
AM—Mid-Nov °53, pB15 
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QUICK-STOP arrangement permits instant 
stopping of drill for determination of cutting 
action At predetermined drill depth, 
trigger is struck, causing plunger to engage 
ear on workpiece spindle. This breaks shear 
pin and accelerates workpiece 
spindle to drill speed. Air cushion relieves 
part of thrust on shear pin and also holds 
work in contact with drill after shear pin 
breeks. Device permits examination of chips 
in process of formation, both along lips and 
under chisel edge. AM—Mar | ‘54, p!102 


instantly 


Cutting action of chisel edge of a drill 
resembles that of a tool with a 56° 
negative rake. Severe built-up edge 
acts to make effective cutting rake 
more positive. Exactly under the point, 
where only tool velocity is that of 
feed, deformation of metal resembles 
that caused by an indenting punch. 
AM—Mar 1 ’54, p103 


Drill life has been increased nearly 
three times as a result of a sulfuriza- 
tion process in which the tool is 
soaked at 1076 F in a salt bath con- 
taining 95% cyanide and 5% sulfite. 
Treatment can be applied in place of, 
or subsequent to, tempering. For steels 
tempered above 1076 F hardness is 
not affected, those tempered below 
1076 F will be softened, but the per- 
formance is good enough to justify a 
loss of hardness. AM—May 24 ’54, 
pl6l 


Heavy-web drills have higher effective 
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rake angles than regular drills, but 
have longer chisel edges, requiring 
higher thrust and increased torque. 
They are desirable for deep drilling 
in tough material, and their disad- 
vantages can be overcome by grind- 
ing to the so-called crankshaft point. 
AM—Mar 1 ’54, p105 


Production per drill has increaesd 
100%, breakage has dropped 50%, 
and savings are expected to reach 
$4000 by the simple expedient of 
shortening standard HSS drills by %4 
in. Temco Aircraft Corp, Dallas, was 
using six dozen No. 40 and 5/64-in. 
drills a day on eight machines until 
the trick was discovered by an oper- 
ator. AM—April 12 ’54, p249 


ACTUAL CHIP formed by chisel edge. 
When this fills the space between drill- 
clearance surface and bottom of hole, it is 
extruded toward cutting edge of drill. It is 
usually plastered about apex of chips cut by 
lips and carried off by them. Sometimes, 
chip turns over edge of flute, is ejected as 
a separate ribbonlike chip. Arrow shows start 
of such a ribbonlike chip. AM—Mar | ‘54, 
pl03 


CHIP-FLOW ANGLE varies widely along 
cutting lips. Note that chip flow lines are 
appreciably inclined to the normal to cut- 
ting edge near hole center, but that inclina- 
tion reduces with increasing radius. AM— 
Mar | ‘54, pl04 


CHIPS produced by crankshaft drill, show- 
ing separate chip produced by auxiliary cut- 
ting edges. Note built-up edge at base of 
secondary chip probably caused by low 
cutting speed near center. If bushing is not 
used for starting, rotate secondary edges 
toward regular edges to form higher center 
point to indent into work and provide quide 
for starting. AM—Mar | ‘54, pi05 





CRANKSHAFT-POINT DRILL is first sharpened in normal manner, giving long chisel edge. 
Second grind is made on heel side of point parallel to chisel edge but inclined at 30 to 45° 
to drill axis. Cuts are carried along chisel edge close to center so web thickness is reduced 


To near zero. 


This provides two additional cutting edges which can produce fairly conven- 


tional chips. Normal rake for these edges is between 0 and 5°. Chips should flow normal to 
cutting edge but are deflected outward by angular side. AM—Mar | '54, p!04 
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table |... ACTUAL MINUTES FOR DRILLING MILD STEEL WITH HSS DRILLS 





Act. Min, 


Ipr Rpm* Per In. 


Tool Care 
—_-*—— 
Min. 


8B A+B per ing 





0.061 
0.078 
0.091 
0.101 
0.109 
0.116 
0.121" 
0.126 
0.130 
0.133 
0.136 
0.139 
0.142 
0.144 
0.146 
0.156 
0.165 
0.174 
0.182 
0.189 
0.196 
0.202 
0.208 
0.218 
0.227 
0.235 
0.243 
0.249 
0.255 
0.260 
0.265 


5496 
3664 
2748 
2198 
1832 
1570 
1374 
1221 
1099 

999 


0.003 

0.0035 
0.004 

0.0045 
0.005 

0.0055 
0.006 

0.0065 
0.007 

0.0075 
0.008 916 
0.0085 846 
0.009 785 
0.0095 733 
0.010 687 
0.0105 611 
0.011 550 
0.0115 500 
0.012 458 
0.0125 423 
0.013 393 
0.0135 366 
0.014 344 
0.015 305 
0.016 275 
0.017 250 
0.018 229 
0.019 211 
0.020 196 
0.021 183 
0.022 172 


0.019 
0.028 
0.038 
0.047 
0.056 
0.066 
0.075 
0.084 
0.094 
0.103 
0.113 
0.122 
0.131 
0.141 
0.150 
0.169 
0.187 
0.206 
0.225 
0.244 
0.262 
0.281 
0.300 
0.338 
0.375 
0.413 
0.450 
0.488 
0.525 
0.563 
0.600 


0.005 
0.005 
0.005 
0.005 
0.005 
0.006 
0.006 
0.006 
0.007 
0.007 
0.007 
0.007 
0.007 
0.007 
0.007 
0.008 
0.008 
0.009 
0.010 
0.010 
0.011 
0.012 
0.013 
0.014 
0.016 
0.018 
0.019 
0.021 
0.022 
0.023 
0.024 


0.025 
0.037 
0.050 
0.063 
0.075 
0.088 
0.100 
0.112 
0.125 
0.137 
0.150 
0.163 
0.175 
0.188 
0.200 
0.225 
0.250 
0.275 
0.300 
0.325 
0.350 
0.375 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 


0.006 
0.009 
0.012 
0.016 
0.019 
0.022 
0.025 
0.028 
0.031 
0.034 
0.037 
0.041 
0.044 
0.047 
0.050 
0.056 
0.063 
0.369 
0.075 
0.081 
0.088 
0.094 
0.100 
0.112 
0.125 
0.137 
0.150 
0.162 
0.175 
0.187 
0.200 





*For cutting apeed of 90 fpm. 
A = Drill-point Length = 0.8 drill dia. 
B = Break through == 0.1 dia. 


EXAMPLES OF DRILLING MILD STEEL 


Ist ‘Example: 


Depth of hole, 1 in.; drill dia, 12 in.; ratio, 2. 


Total depth:. 
Hole depth = 1.000 
A + B=0.200 
1.200 
Actual Min.— 
1.200 X 0.146 = 0.175 
Tool care— 
1.200 < 0.007 = 0.008 
Total = 0.183 


2nd Example: 


Depth of hole, 1 in.; drill dia, % in., ratio, 4 
Total depth: 
Hole depth = 1.000 
A + B=0.100 
1.100 
Actual Min. — 
1.100 %€ 0.121 & 1.39 = 0.185 
Tool care— 
1.100 0.006 = 0.007 


Total — 0.192 


Time for drilling mild steel 


table ll. . . INCREASE IN ACTUAL 
MIN. FOR DEEP-HOLE DRILLING 





Increase 
Actual Min. 


Radio Hole Depth 
to Drill Dia 








Minimum Ratio 3. 
Use nearest whole ratio number. 


Table | gives actual minutes per in. for 
drilling mild steel at recommended speeds 
and feeds. 

Drill-point length and break-through dis- 
tance are shown for each dia drill. This must 
be added to depth of hole drilled to obtain 
total distance drilled. 

Tool-care allowance is shown as percent- 
age of machine time and also, as min per in. 
of depth drilled. This is based on 250 in. 
of mild steel between grinds and normal 
minutes required to make tool change. 


Table II is for calculating actual minutes 
for deep-hole drilling. It is based on the 
ratio of depth of hole to dia of drill, and 
is shown as a percentage by which actual 
minutes must be increased for deep-hole 
drilling. AM—Aug 3 ‘53, pl49 
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Special drill setup at Dominion Bridge 
Co, Canada, employs two radial drills 
working side by side to drill and 
counterbore 1010 holes in large boiler 
drum. First row of holes is laid out; 
then jig is positioned to layout and 
locked in place with roller chains and 
jacks. AM—May 24 °54, p148 


Automatic machine handles Lincoln 
automobile cylinder blocks for drill- 
ing, semi-finish, and finish reaming 
valve-stem holes. Blocks are placed on 
loader, then turned and rotated to line 
up holes with tools. 4AM—Oct 12 ’°53, 
p143 


Automatic transfer machine with 10 
stations and 15 fixtures drills 15 holes, 
reams 9, countersinks 12, taps 13, 
and spotfaces a pad on a Ford fly- 
wheel housing, using two operators. 
Old setup of multi-spindle drillpresses 
required five operators. AM—Oct 12 
53, pl44 


Precision reaming on various centers 
is made possible in specially developed 
4-spindle machine by adjusting spin- 
dles and changing adapters. Closest 
centers possible are 1.125 in. apart, 
farthest are 10.250 in. Leadscrew and 
micrometer adjustment permits rapid 
and accurate adjustment of spindles 
in relation to work location. Machine 
is at plant of Continental Motors, 
Muskegon. AM—July 19 54, p126 


Rocker-arm supports are drilled, 
reamed, and milled on a special ma- 
chine at Ford at 750 per hr by one 
operator. Old method required four 
men at a gang drill and one at a 
horizontal mill to produce 38 per hr. 
AM—Oct 12 °53, p137 


For close tolerances on powder-metal 
parts, specially designed reamers may 
be used, but sizing arbors or burnish- 
ing tools cost less. Because of the im- 
portance of maintaining bearing- 
surface porosity, burnishing is gener- 
ally considered safer than reaming. 
AM—April 26 °54, p104 


Copper is difficult to ream because 
tools tends to pull into work and score 
it. Rapid wear makes tool cut under- 
size. End mills will give better re- 
sults, particularly if ground 0.003 in. 
oversize. AM—Aug 31 °53, p120 
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Zirconium can be reamed with stand- 
ard tools, but has a tendency to smear 
when cuts of less than 0.005 in. are 
taken. AM—April 12 °54, p202 


SAE 4340 steel heat treated above 
260,000 psi can be reamed with HSS 
reamers, provided not over 0.005 in. 
is removed, but carbide reamers are 
preferable. AM—July 5 °54, p135 


TURNING 


Special machines 


Both ends of railroad axles are cen- 
tered on double-end Niles centering 
machine. Cradle-locators position work 
which is gripped by four-jaw screw 
chucks, while centering cutters move 
in from each end. All operations are 
automatic after handling. See illustra- 
tion under Materials Handling. AM— 
Jan 4 54, p130 


Betts center-drive lathe rough turns 
both ends of railroad axles with mul- 
tiple carbide tools. Wheel-seat, jour- 
nal, and shoulder surfaces are pro- 
duced simultaneously. Wheel-seat sur- 
faces are finished to close tolerance on 
similar machine. AM—Jan 4 ’54, 
p13 


Crankpins for heavy diesel crankshaft 
at Mirrlees, Bickerton & Day, Ltd, 
England, are rough turned by holding 
both ends of the shaft in throwblocks 
attached to faceplates on tailstocks. 
To prevent torsion that might intro- 
duce motion within the shaft, both tail- 
stocks are geared to the powered 
steadyrest that rotates the shaft, so all 
gripping mechanisms rotate in syn- 
chronism. 4M—Mar 15 °54, p158 


Crankpins for big diesel crankshafts 
at Mirrlees, Bickerton & Day, Eng- 
lanc are finish machined in special 
Richards turning machine that holds 
shaft in throwblocks contained in 
powered steadyrest. New tool cuts 
final 0.010 to 0.015 in. to insure 
smooth, matte finish. Side faces of 
webs are machined by traversing shaft 
against tool. 4M—Mar 15 ’54, p158 


Crankshafts for big (3000-hp) diesels 
are rough turned on Oldfield & Scho- 
field center-drive lathe with two tail- 
stocks. Intermediate journals are 
roughed with 4-in.-wide form tools, 


Bé 


SPECIAL LATHE, built in Lipe-Rollway 
shops, spotfaces clutch plates to over-all 
height and forms centering angle in bore. 
Air power grips work, moves carriage 
through rapid advance and cutting pass. 
Limit switch stops motion, and air returns 
AM—June 2! 


carriage to starting point. 


‘54, pl30 


one on each side of powered steady- 
rest. Tools drive straight in at 0.02 
ipr until they cut full width, then at 
0.01 ipr. Work is done at Mirrlees, 
Bickerten & Day, Ltd, England. AM 
—Mar 15 ’54, p158 


Crankshafts for Fordson tractor en- 
gimes are turned on special LeBlond 
crankshaft lathes at Ford Motor Co’s 
British works. One type rough and 
finish turns. the main bearings and 
the flange and pulley ends, loading 
and unloading being performed by air 
hoists which load from one side, un- 
load from the other. Crankpins are 
turned on another type of machine 
working on two shafts simultaneously. 
Work runs on centers and tools re- 
ciprocate to follow eccentric motion 
of the pins. AM—April 3 ’54, p562 


New automatic screw machine made 
by Porter-McLeod operates on both 
ends of workpiece in a single cycle; 
eliminates second-operation handling. 
Four stations are available on con- 
ventional turret, another four fixed 
to headstock. When front-end work 
is complete, as parting tool moves in, 
power pickoff spindle on turret grasps 
work and presents it to headstock 
tools while first operation is being 
performed on second piece. AM— 
June 7 °54, p182 


Automatics 


Production time for automatic screw 
machines can be determined by 
nomogram applicable to single-spindle 
and multiple-spindle machines. AM— 
Sept 14 °53, p181 


Stamping of trademark and _ serial 
number on Ford service parts is per- 
formed by automatic marking device 
installed in tailstock of Conomatic 6- 
spindle automatic. AM—Sept 14 ’53, 
p183 


Generator and starter armatures are 
machined in a single operation, by 
adding auxiliary slide, toolholder, and 
feed mechanism to six-spindle chucker. 
This eliminates grinding the OD and 
cutting the commutator in two sepa- 
rate operations. AM—Oct 12 °53 
p149 


Special stock feedout device on Cono- 
matic 6-spindle machine permits ma- 
chining shafts in one operation. Pre- 
vious method involved cutting to 
length on turret lathe, centering and 
chamfering on an_ engine lathe, 
straightening, and turning OD on an- 
other engine lathe. AM—Oct 12 ’53, 
pl49 


Rear-axle housings for Ford tractors 
are machined on two Gisholt auto- 
matic lathes which now do the same 
work as was done on three Roto mills. 
Roughing operations can be handled 
by two machines and two operators 
because high rate of cutting makes up 
for the third old machine; work can be 
lifted by hoists to reduce operator 
effort. AM—Oct 12 ’53, p131 


Automatic, 5-spindle Warner & Swa- 
sey lathe produces lens mounts for 
Eastman Kodak to tolerances of 
0.0004 in. There is only one setup, and 
preduction is increased 95% over 
manual methods previously used. Ex- 
tremely close tolerances are also held 
on squareness and concentricity, and 
manpower requirements have been 
reduced. AM—Nov 9 ’53, p2 


Heavy interrupted cuts on a Mult-Au- 
Matic crossfeed may cause severe 
chatter. This can be prevented by 
fastening the toolblock to the ways 
by a heavy spring. See illustration 
under Tooling. AM—Nov 9 ’53, p124 
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95% higher yield of usable parts is 
obtained by machining lens compo- 
nents on 5-spindle automatics than 
could be obtained with single-spindle 
machines and optical lathes. Toler- 
ances are 0.0004 in. Old method was 
to machine large batches of female 
parts, then machine male component 
to match the two parts in pairs. AM 
—Nov 9 ’53, p113 


Two P & J automatics are tooled to 
produce small aluminum pistons from 
barstock in two operations. AM—Nov 
9 °53, p162 


Automatic lathes and screw machines 
show poductivity increases as high as 
500% over those of ten years ago. 
Automatic work cycles, carbide tool- 
ing, and combined operations, not pos- 
sible on older machines, are important 
factors. AM—Mid-Nov °53, pB8 


On older models of multi-tool auto- 
matics that won’t handle the negative 
rake angle given by standard clamp- 
type carbide toolholders, you can ob- 
tain all advantages of heavier cuts, 
increased feeds and speeds by hollow 
grinding the toolbits to produce a zero 
or positive rake angle. AM—Jan 4 
°54, p89 


New Acme-Gridley  single-spindle 
chucking machine has completely au- 
tomatic control of the entire machin- 
ing cycle to permit fitting turret-lathe 
work into an automation scheme. 
Tooling and loading zones are ar- 
ranged to provide room for automatic 
loading equipment, and a rotary chip 
conveyor is available to facilitate ma- 
chine’s application to automated lines. 
Each of five turret toolslides and two 
cross-slides is independently cammed. 
AM—June 21 °54, p176 


L REAR SLIDE 
0.0087" FEED 








Multi-spindle bar machines have been 
successfully tooled with carbide-tipped 
tools by cooperation between Cone 
Automatic and Carboloy. Production 
increases have been from 50 to 100%. 
Existing machines can be converted to 
carbide, but new designs will prob- 
ably be made specifically for carbides. 
Carbide grade and tool geometry are 
critical, and tool holders and attach- 
ments must be engineered for the job. 
Apply water-base coolants generously, 
and seal bearings against it. Adequate 
horsepower on work spindles is essen- 
tial. AM—July 19 54, p159. 


Fay automatic lathes cut fins on alu- 
minum cylinder barrels 1 in. deep and 
0.048 to 0.038 in. wide. Gang setup of 
37 carbide blades, 0.070 in. wide, 
forms 36 fins and faces the ends. Over 
half a bushel of long, stringy chips are 
produced from each barrel, and are 
removed by flight conveyor that car- 
ries them to a horizontal slat-type con- 
veyor which carries them out of the 
building. AM—July 19 °54, p123 


Contour & copy turning 


Completely automatic hydraulic copy- 
ing lathe permits one operator to han- 
dle several machines. Feed per rev 
remains constant, regardless of oper- 
ating variables. AM—Aug 3 ’53, p168 


Convex profile of six turbine blades 
are turned simultaneously on new 
H.E.B. copying lathe by means of a 
three-dimensional master former which 
controls work-speed rotation elec- 
tronically. Profiling cams may be 
wood or plaster for short runs, but 
should be nitrided. steel for produc- 
tion. Cams are made on same ma- 
chine by using a finished blade as a 
master. M—Aug 15 °53, p1356 
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Pin bearings on crankshafts are rough- 
and semi-finish turned on two-spindle, 
duplex LeBlond automatic lathes. 
Work is held on centers, with milled 
notches being used to position it dur- 
ing machining to a master tracing 
cam. Loading and unloading are auto- 
matic. AM—Oct 12 °53, p147 


Journals and dust guards of railroad 
axles are finish-turned on Monarch 
dual-carriage lathes equipped with air 
tracers and carbide tools. Each lathe 
can produce 60 parts in 8 hr. Double 
hooks on hoist permit finished axle 
to be removed and new part inserted 
at the same time. AM—Jan 4 °54, 
pi131 


Tracer lathes require skilled operators 
because a tracer job must be set up 
and run by someone who understands 
the geometry of the cutting cycle. 
Such operators are common in 
Europe, less common here. A poorer- 
than-average operator can take too 
much time on setups, or make wrong 
ones, and a good machine can thus 
turn out scrap or high-cost parts. AM 
—Mar 1 ’°54, p137 


Roll-contouring lathe made by Le- 
Blond will handle work 444 in. be- 
tween centers. It has two 6-way 
power-traverse carriages—one a tracer 
—operating from a back templet- 
carrier bar 35 ft long. Carrier is a 
weldment supported only at the ends 
but, because of its design, is stays flat 
within 0.004 in. AM—May 10 °54, 
p105 


Turret lathes 


Turret lathe productivity has increased 
35 to 50% in the past ten years, but 
can go to 300 to 400% with indexing 
control. Increased power and spindle 


SPECIAL MACHINES and com- 
plex tooling are not always the an- 
swer to a tough machining prob- 
lem. A standard Gisholt Simpli- 
matic lathe with an extended bed 
and extra-large platen table gave 
the answer to machining both ends 
of a banjo housing. Four sets of 
tools are fed in automatically. At 
the end of cycle, work is turned 
end for end so operations per- 
formed on one end only in first op- 
eration can be performed on sec- 
ond end. AM—May I!0 ‘54, p130 
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speeds are chiefly responsible. Speeds 
of 2500 rpm can be attained ten times 
a minute and job done in a third of 
1940 time. A4AM—Mid-Nov °53, pB6 


Turret lathe cross-slide and turret are 
operated by air cylinders in maau- 
facturing lock components, saving tir- 
ing hand labor and increasing speed 
of operation. Chuck can also be air- 
operated. See illustration under Com- 
ponents. AM—April 26 54, p106 


Coolants 


CAPILLARY TUBE FOR CObs enters tool 
shank on side away from cutting edge, jets 
liquid COzg from coolant reservoir under tool 
tip to face of work. As snow in reservoir 
{— 109 F) it cools tip, then evaporates to 
pass through outlet(s) and cool workpiece. 
AM—Feb 15 ‘54, p130 


TURRET LATHE TOOL for facing large 
flange lasted three times as long when 
cooled by aerated coolant because non- 
aerated coolant was swept off flange by 
centrifugal force. Note how coolant clings 
to work. AM—April |2 ‘54, p!75 


Mist cooling can be applied to a wide 
variety of lathe operations with a sig- 
nificant gain in cleanliness, tool life, 
and working conditions. Method of 
application varies with system adopted 
and type of job performed. AM—Sept 
14 °53, pl44 


Tooling 


Soft carbide tools (Grade K1) applied 
to an old lathe that lacked rigidity 
provided an increase in tool life that 
more than offset the cost of retooling. 
Tools were mechanically held. Soft 
carbide requires less maintenance and 
grinding equipment, and fewer oper- 
ators. AM—Nov 9 ’53, p122 


Heavy burrs produced on the end of 
a workpiece by a negative-rake tool 
form a hazard and must be removed 
in a second operation. Work of rela- 
tively small diameter may be deflected 
by the pressure of negative-rake tools. 
These troubles can be overcome by 
hollow grinding the carbide toolbits. 
AM—Jan 4 54, p89 


If a lathe has sufficient power for 
cutting at conventional speeds and 
feeds with negative-rake tools, cutting 
rate may be increased 25 to 30% by 
hollow grinding the carbide toolbits 
to provide positive rake angles—if 
finish is not too important. Finish 
may, however, be improved by em- 
ploying large corner radii, or by 
changing from triangular to square, 
or square to round tools. Hollow- 
ground tools cost more, so don’t use 
them unless circumstances justify 
them. AM—Jan 4 ’54, p90 


Higher spindle speeds and feeds, and 
simultaneous roughing and finishing 
are said to be possible with a new 
design of carbide-tipped tool designed 
in Russia. Production is said to be 
increased 400 to 700%. Unusual fea- 
ture of the tool is that the finishing 
edge is parallel to the axis of the work. 
AM—April 12 °54, p170 


Expansion mandrels can be operated 
effectively by pressure exerted on a 
plastic mass. Principle can be applied 
to produce simultaneous operation of 
strap clamps and expansion mandrel. 
AM—June 21 °54, p128 


Two old engine lathes used by Bethle- 
hem Steel Co for finish machining 
axles were fitted with new pulleys to 
increase spindle speed from 105 to 
160 rpm. This made carbide tools pos- 
sible and increased production from 
15 to 60 axles per shift for the two 
machines. Chatter encountered with 
the increased speed was overcome by 
loosening guide ways and clamps 
slightly. AM—lJuly 19 °54, p157 





Averoge chip thicttiees, inches 
] i 
| $ | Wort Moterio! NE 9445, Anneoled 
7 | Work Hardness. 1/83 Bhr 
500 }— tH || «Feet Meterial: Triple Corbide 5 
Tool Shape: O-4-7-7-8-0-3/64" 
Degth of Cut Q102 in 
.y¥ Feed: 0.0098 in per rev 
| Room Temperoture 65 F 


+> vertical Too! berce ( fe) —— 











INCREASING CUTTING SPEED results in 
reduced tool forces and thinner chips, as 
shown by tests made when turning annealed 
NE 9445 steel. Similar curves resulted with 
many different steels and tool shapes. Tests 
were made when builtup edge was not 
present on tool. Speeds below 60 sfpm gave 
erratic results because of builtup edge. AM 
—June 7 '54, pl47 


Turning special materials 


SAE 4340 steel heat treated above 
260,000 psi can be turned with car- 
bide tools to produce a surface finish 
better than 100 mu in. rms at 450 
sfpm, 0.002 ipr feed, and depth of cut 
under 0.060 in. However, depth of cut 
after heat treatment should be limited 
to 0.030 in. Carbide grade 350 works 
best, HSS tools are impractical. AM-— 
July 5 ’54, p135 


Acrylic plastics can be machined with 
standard cutting tools with zero or 
slight negative rake and adjusted to 
give a scraping, rather than cutting 
action. Use a light feed, 0.004 to 
0.005 ipr, to prevent chipping, and. 
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keep tools sharp, clean, and free from 
nicks and burrs. At reasonable speeds, 
coolant is not required, but if much 
heat is generated, use a soluble oil 
coolant. For heavy stock removal, one 
or more annealing operations may be 
needed. Surface speed of 500 fpm is 
recommended. Do not stop feed dur- 
ing cut, or work will be marked. AM 
—Feb 1 '54, p118 


Cerrobase alloy can be cast and finish 
turned to make spinning chucks for 
re-entrant shapes. Woodworking tools 
will serve, and heavy stock removal 
should be done at 233 fpm to avoid 
ioss of material in flying chips. Fine 
finishing may be done at 400 to 635 
fpm. AM—Feb 15 °54, p147 


Failure of carbide tools in machining 
titanium can be reduced by selecting 
the proper grade of carbide. To avoid 
chatter, hone a 45° land on the cut- 
ting edge 0.005 to 0.010 in. wide. 
Use synthetic emulsion-type coolant 
applied from top, bottom, and sides. 
On alloy forgings, carbide grade 44A 
or 55A should serve. If no scale is 
present, grade 883 will give good tool 
life for roughing at 200 fpm. For 
finish turning use grade 883 or 999 
at 300 fpm. For commercizily pure 
titanium, speeds can be doubled. AM 
—Feb 15 °54, p147 


Pre-chilling of titanium to —90 F 
produced no practical gain in tool 
life with carbide tools, and only 20% 
gain with HSS tools, according to tests 
made for the U S Air Force. AM— 
May 24 °54, p155 


Attempts to prevent absorbtion of 
oxygen when machining titanium by 
blanketing the material with inert gas 
have given negative results. Gases 
tried were argon, hydrogen, nitrogen, 
and Freon-12. Latter supported com- 
bustion. AM—May 24 ’54, p155 


In machining titanium with sharp, 
single-point tools, cutting forces are 
one-third to one-half of those required 
for mild and stainless steel. Chip thick- 
ness is about equal to the feed rate. 
Chips are thinner and cutting forces 
lower because the shear angle in tita- 
nium is lower than that of steel. Best 
coolant is sodium nitride in water. 
AM—June 7 °54, pi172 


Machining research on titanium indi- 
cates that a good surface finish results 


from absence of built-up edge. Low 
cutting forces and power consumption 
are attributed to high shear angle re- 
sulting from short path of shear and 
minimum plastic deformation. Irregu- 
lar chip formation results from inter- 
ference of crystal orientation with the 
shearing process. AM—July 5 ’54, 
p11s8 


LEGEND 

ASAE Ili2 steel, 18-4-1 HSS tool 
O*SAE Ill2 steel, 883 carbide tool 
@+ SAE 1020 steel, 788 carbide tool 
2* Ti ISOA titanium, I8-4-1 HSS tool 
Y= TIISOA titonium, 883 carbide tool 
Feed=0.0024 in. per rev. 


CUTTING FORCE in turning titanium is 
less than that required for SAE 1020 steel, 
but greater than that for free-machining 
SAE 1112. Thus, power expended in remov- 
ing a* given amount of titanium is inter- 
mediate between that required for 1020 and 
1112 steel. AM—July 5 ‘54, p!20 


For turning tantalum and columbium, 
follow the recommendations for soft 
copper. Use HSS tools and keep them 
sharp. Side and back rake should be 
15°. Speed must be over 100, can go 
to 300 sfpm. Best feed rate is 0.005 
ipr. Carbides and nonferrous alloys 
do not work well because material 
welds to the edges. Carbon tetra- 
chloride is the only coolant that will 
eliminate galling and tearing—it is 
toxic, but can be controlled by good 
exhaust fans. Finishing cuts must be 
light, and are best made in one com- 
plete motion. The feed must be fast 
enough to keep the tool tip buried in 
the work. AM—April 12 °54, p195 


Sponge zirconium can ve turned with 
a carbide tool, dry, at 80 sfpm with a 
feed of 0.01 to 0.02 ipr, and a %-in. 
maximum cut. Normal cutting angles 
are used, except that clearance is in- 
creased to 10°. An air blast for cool- 
ing will keep the chips bright and 
suitable for remelting. Otherwise, they 
would be discolored. AM—April 12 
°54, p202 
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RADIOACTIVE MATERIALS are turned on 
a Hardinge TL toolroom lathe mounted on 
end in a cell at Oak Ridge National Lab- 
oratory to save space and ease chip collec- 
tion. All functions are hydraulically oper- 
ated, including spindle drive, feed, rotating 
and clamping of 4-position toolpost holder, 
and tailstock operation, and all controls are 
outside cell. AM—April 12 '54, pl65 


Powder-metal parts can be turned at 
about 350 sfpm and feed of 0.001 to 
0.005 ipr with carbide tool having a 
nose radius of 4%, to Ye in. With 
nose radius of 4, in., feed may be 
0.010 to 0.015 ipr. Nose radius must 
be broad enough to overlap feed 
width. Tools must be dead sharp if 
maintenance of porosity is important. 
Diamond tools may also be employed. 
For roughing, when porosity is not 
important, speed may be 600 sfpm and 
feed 0.030 ipr. With HSS tools speed 
should be about 100 sfpm. AM— 
April 26 °54, p102 


Turning . . general 


Steel disk mounted on arbor in lathe 
chuck will cut clean, parallel-sided test 
coupons from rubber block held on 
cross-slide. Disk is tapered on one 
side, of high-carbon steel, 7 to 20 in. 
OD. Bottom edge of blade runs in 
pan of lubricant. Slices are parallel 
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within 0.001 in. and smooth enough 
for testing without buffing. See illustra- 
tion under Cutting Off. AM—Sept 14 
°53, p134 


Work 


.--Toolholder--- 











Parabolic shapes can be turned in a 
lathe without templets, by arrange- 
ment of gears and leadscrews which 
feed tool along parabolic path. AM— 
Oct 26 ’53, p148 
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HOB RELIEVING ATTACHMENT FOR A LATHE is efficient and fairly easy to make. Cam, 
identical in form to the hob, is pressed on the work mandrel. The follower is pressed against 
it by a spring. Movement of the follower is transmitted to the toolholder by a pivoted lever. 


AM—Dec 7 ‘53, pl65 


AUTOMOTIVE CAMSHAFTS ARE MACHINED ON TWO STANDARD LATHES set back- 
to-back and equipped with automation by Seneca Falls Machine Co. Space between lathes 
provides room for tool changing and for a bank to avoid shutting down both machines when 
one is stopped for tool changes. First machine squares and chamfers one end and turns three 
dias, second squares and chamfers opposite end and turns four dias. Shaft is turned end for 
end and inspected automatically after first operation, again after second. Out-of-tolerance 
parts are held by gage and machine automatically stopped. AM—Mar 29 '54, pll0 


BIO 


When work cannot be rotated at suffi- 
cient speed for proper drilling, a 
planetary gear attachment for tail- 
stock or turret will rotate drill to 
obtain desired relative speed. See 
illustration under Drilling. AM—Nov 
9 °53, pl64 


Modern toolroom lathes are more 
productive than those of only ten years 
ago. One representative type is 60% 
more productive, heavier, and more 
rigid; another 25%, a third 30%, a 
fourth 50% in both speed and power. 
AM—Mid-Nov °53, pB6 


GAGiIne 
=. 1 Section 
Ee nate on octneas 


TWO-DIMENSIONAL LATHE DYNAMOM- 
ETER employs electric strain gages bonded 
to the cantilever beam, and uses %-in. 
square toolbit. Developed at MIT, it has 
a range from 2 to 2000 |b, and a stiffness 
of 500,000 Ib/in. AM—May 10 '54, p126 





THREE-DIMENSIONAL LATHE DYNAMOM- 
ETER. One-piece design eliminates friction 
Fr puts all four elements in compression, Fe 
subjects them all to a sidewise force, Fr 
puts upper elements in tension, lower ones 
in compression. AM—May |!0 ‘54, p128 


Additional item and illustration on facing 
page. 


BORING 


Special machines 


Britain’s largest vertical boring and 
turning mill weighs 650 tons. 41-ft 
table will handle work 42.5 ft in dia, 


_ 
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13.5 ft high, weighing up to 100 tons. 
Thirty-two motors, totaling 500 hp are 
used. Machine is being installed at 
Craven Bros, Manchester, England. 
AM—Sept 28 ’53, p101 


One of the world’s largest boring mills, 
a 42-footer, is in the plant of S 
Morgan Smith & Co, York, Pa. To ac- 
commodate work of different heights, 
cross-rail can be lifted off, the present 
pedestals removed, and new ones of a 
different height substituted. AM— 
Sept 28 °53, p163 


Heavy boring mill built by British 
Thomson-Houston Co has exceptional 
flexibility because of lack of mechan- 
ical drives. Electronic motor controls 
are used. Main columns are aranged 
on floor plates around the table unit 
and may be disposed to suit the job. 
For extremely large work, main col- 
umn can be placed on table and ro- 
tated, while work up to 60 ft in dia 
is held on floor plates. Table is 25 ft 
in dia and has optical dividing equip- 
ment. By fitting extension arms, work 
up to 42% ft in dia can be handled 
on table. M—Oct 3 °53, p1641 


Mammoth vertical boring mill, be- 
lieved to be world’s largest, is installed 
at Dominion Engineering Co, Ltd, 
Montreal, Canada. AM—Nov 9 ’53, 
p182 


Refuting Canada’s claim to the world’s 
largest boring mill (AM—Nov 9 ’53, 
p182), American Schiess Corp claims 
to have built bigger ones before the 
war. One is still in operation in Ger- 
many, the other in Russia. Machines 
have 62-ft swing with columns in 
normal forward position, 83142 ft with 
columns moved back. AM—Mar 1 
°54, p139 


Bridge-type, inverted boring mill has 
been built by Morton Mfg Co for 
roughing and finishing large bores, 
such as the turret ring bores in Army 
tank hulls. The 96-in.-dia boring head 
and supporting bridge are lifted 
hydraulically to clear the work. Head 
has six independent toolslides which 
may be arranged for boring or facing, 
or angle-mounted for taper boring. 
AM—Dec 7 °53, p190 


Vertical boring mill, probably the 
most powerful ever built, finishes all 
interior surfaces of aluminum-alloy 
stator casing. 250-Ilb workpiece will be 
finished in 6 min, instead of 1 hr 
normally required with six machines. 
55 carbide tools remove 100 Ib of 
chips. Work is held in pot chuck by 
Cerro alloy, rotates at 2200 sfpm. 
Machine weighs 60 tons and includes 
an electric melting pot for the Cerro 
metal. Loaded chuck weighs 5500 Ib. 
AM—April 26 °54 p12 











VERTICAL AND LONGITUDINAL 
turning forces applied to a tool 
can be measured accurately with 
precision gage heads built into 
tool-force dynamometer. Tool de- 
flection is less than 0.001 in. under 
vertical load of 600 Ib, yet 
changes in thrust forces of only 
a few pounds can be recorded on 
tape. AM—June 7 '54, pl4é6 
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Special boring machine grips cylinder 
head of tank engine in jaws while air- 
operated center engages in center 
hole. Boring head enters work from 
clamped end to bore, counterbore, 
and face ID to establish locating sur- 
faces for subsequent machining. AM 
—July 19 °54, p123 


Trepanning 


Trepanning offers a quick and eco- 
nomical method of producing long 
holes with maximum speed and .eco- 
nomy. An operation that formerly re- 
quired 16 to 20 hr is now completed 
in 2 hr. Minimum hole dia for trepan- 
ning is about 2 in, but there is virtually 
no limit beyond this. Solid core re- 
moved in process is good material 
which can be used for other purposes. 
AM—Jan 4°54, p105 


MAXIMUM SPEED AND ACCURACY in 
trepanning can be obtained by constructing 
special machine with horizontal boring mill 
headstock and drive mounted on boring 
lathe ways. Boring bar can thus be ro- 
tated opposite to rotation of work, providing 
a wide range of differential speeds and 
maximum centrality. AM—Jan 4 '54, pI13 


Trepanning tools are virtually self- 
piloting so, once started, if properly 
designed and fed, they will cut a 
reasonably straight hole for any dis- 
tance. AM—Jan 4 °54, p106 


Trepanning operations can be per- 
formed on standard boring lathes, but 
some modifications are required. More 
powerful motor is usually needed for 
spindle drive, high-pressure coolant 
pump is needed, and separate feed 
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drive motor is necessary, because feed 
per rev is most critical factor. AM— 
Jan 4 '54, p111 


Initial bore for starting trepanning 
head must be accurate, as it guides 
the head direction. Face of work must 
be smooth and square to provide cool- 
ant seal. Work can be done with spe- 
cial facing tool clamped on the coolant 
giand. See illustration under Tooling. 
AM—Jan 4 °54, p113 


Trepanning operations can be per- 
formed by electrical-discharge ma- 
chining. When relatively large 
amounts of metal are to be removed, 
the electrode may be formed from 
sheet metal shaped to the desired 
contour, or from brass tubing. This 
reduces the area exposed to cutting. 
AM—Mar 15 °54, p145 


Boring . . general 


Bearing holes in casting are precision 
bored in a milling machine then 
reamed in the same machine to+ 
0.0002 in. Work is located by traverse 
settings of table, feed at 4% ipm by 
cross traverse. For line reaming, guide 
bushing in overarm provides required 
accuracy. d4M—Aug 17 °53, p97 


Preselection of table positions on jig 
borer are made possible by new posi- 
tioner. Settings are guaranteed accu- 
rate within 0.00015 in, readings on 
projection screens within 0.00005 in. 
AM—Oct 12 °53, p214 


Automatic cycle control is achieved 
on a Heald Bore-Matic by magnetic 
tape control which permits a series of 
three cycles on this previously single- 
purpose machine. Setup was made by 
Alfred Herbert Ltd, England, and is 
operated by a low-cost, commercial 
tape recorder. Machine movements 
are converted into frequencies which 
can be heard as musical tones if chan- 
neled into a loudspeaker. Cycle is first 
performed manually and thus im- 
pressed on the tape, the playback then 
operates the machine. Machining ac- 
curacy is obtained by positive stops. 
‘M-——June 26 ’54, pi.143 


Productivity of antique boring mill is 
increased by use of soft carbide tool- 
ing. Tool life is increased 100% over 
HSS tools. Radial cutting edges are 
recommended. AM—Nov 9 ’53, p122 
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Horizontal boring machines average 
over 100% more productive than 
those of ten years ago; vertical boring 
mills show increases of over 250%; 
jig borers are improved 10 to 20%. 
Individual cases show much greater 
gains. AM—Mid-Nov ’53, pB8 
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SPHERICAL BORES can be produced on a 
jig borer or milling machine with a single- 
point tool and a universal rotary table. 
Angle of table is determined by the thick- 
ness of the work, and tool must be set so it 
clears the sides of the work. Spherical radius 
is determined by the distance from the tool 
tip to the centerline of the spindle. Surface 
is generated by rotating the table. AM— 
Mar 29 '54, pl29 


Jig borers at Seeburg Corp, Chicago, 
are housed in special dust-proof room. 
Large die blocks and fixtures are pro- 
duced on the machines, as well as 
production parts to tolerances of 
0.0001 in. End-measuring rods made 
to specific dimensions permit repeated 
accuracy, and reduce assembly prob- 
lems with close-fitting gear trains. AM 
Feb 1 °54, p2 


Repetitive, close-tolerance jig boring 
is made possible at Ford Instrument 


Co by a master plate on which work 
is mounted, Fixture has hardened and 
ground bushings corresponding to hole 
locations in the work. When knob on 
baseplate is turned, locating pin 
emerges to engage any particular 
bushing and align it with machine 
spindle for boring. AM—June 21 ’54, 
pli7 


COz can be employed as a coolant in 
boring operations. If cutting edge of 
tool is hard to reach, light oil may be 
aspirated into the spray, causing snow 
to be projected onto, and to adhere 
to, the sufaces. If considerable oil or 
air flow is necessary to wash out chips, 
CO, may be applied in addition. Both 
fixed and rotating connections have 
been developed. AM—Feb 15 ’54, 


UNDERCUTTING OPERATION on shell 
noses and bases is performed by a boring 
bar held on the cross-slide of a Hepburn 
shell lathe at Peerless of America, Inc, Chi- 
cago. In place of the handwheel formerly 
used for moving the slide, a cam and lever 
have been installed to reduce operator 
fatigue. Positive stop positions bar; air 
cylinder opposes cross movement for smooth 
operation. AM—April 26 ‘54, pl!0 


CRANKPINS FOR LARGE DIESEL CRANKSHAFTS at Mirrlees, Bickerton & Day, Ltd, Eng- 
land, are bored on an Asquith horizontal mill, using a fixture that supports the shaft steady 
and a jig that fits over the crank to position the boring bar. AM—Mar 15 '54, pI59 
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Cylinder heads at Ford-Cleveland en- 
gine plant are processed through a 
transfer-type machine built from 12 
Heald Bore-Matic way-leg units. One 
operator and one inspector handle the 
entire operation, which consists of 
drilling, reaming, boring, and facing 
valve seats and stem holes. AM— 
Mar 1 °54, p2 


Bench-lathe compound mounted on 
table of Heald Bore-Matic permits 
boring small shafts concentric within 
0.0002 in. at Ford Instrument Co. 
Tool is setscrewed on toolholder, work 
is held in split nest mounted on ma- 
chine spindle running at 5500 rpm. 
Setup is particularly useful for rela- 
tively small lots. AM—June 21 °54, 
pli7 


Zirconium can be bored with conven- 
tional tools, but has a tendency to 
smear when cuts of less than 0.005 
in. are taken. AM—April 12 ’54, 
p202 


SAE 4340 steel heat treated above 
260,000 psi can be bored with carbide 
tools to produce a surface finish better 
than 100 mu in. rms at 450 sfpm, 
0.002 ipr feed, and depth of cut under 
0.060 in. if depth-dia ratio does not 
exceed 2:1. Depth of cut after heat 
treatment should be limited to 0.030 
in. Carbide grade 350 works best, HSS 
tools are impractical AM—July 5 
54, p135 


GEAR CAVITIES in pump housings are fin- 
ish bored in two Ex-Cell-O machines by one 
operator. Center spindle of one machine 
bores and faces concentric cavity, bores 
spindle bore, and faces eccentric cavity. 
Hydraulic clamping fixture holds two pieces 
at a time, one in first outer spindle, one 
in center. When cavities are complete, 
hydraulic cross-slide carries part in center 
spindle to third outer spindle for boring 
eccentric cavity, and part in first spindle 
to center for boring concentric cavity. AM 
—June 7 ‘54, pl39 


Powder-metal parts can be bored to 
a fine finish with carbide toois at a 
speed of 350 sfpm and feeds of 0.001 
to 0.005 ipr when tools have a nose 
radius of 1/64 to 1/32 in. With a 
radius of 1/16, feed may be 0.010 to 
0:015 ipr. Nose radius must be broad 
enough to overlap feed width. Tools 
must be dead sharp if maintenance of 
porosity is important. Diamond tools 
may also be employed. For roughing, 
when porosity is not important, speed 
may be 600 sfpm. With HSS tools, 
speed should be about 100 sfpm. See 
illustration under Turning. AM— 
April 26 °54, p102 


Boring operation on 186-ton steam 
turbine housing is performed by load- 
ing the work on the machine table in 
six sections, then aligning and bolting 
them together before machining, thus 
assuring alignment in final assembly. 
AM—June 7 °54, p2 


Small parts are precision bored at 
Ford Instrument Co on a Hardinge 
bench lathe. Work is held in a brass 
collet held in a conventional collet. 
Threaded, split, and equipped with a 
knurled and threaded collar, the brass 
collet is readily rebored for each new 
piece shape. AM—June 21 °54, p118 


Both ends of giant press columns are 
machined simultaneously after three 
sections are laminated together. Hori- 
zontal boring mills finish bore a 10-in. 
dowel hole at each end, then radii of 











11 in. and 38% in. are cut into the 
end hooks. Dowel holes are rough- 
bored in the individual sections before 
lamination. Machining the assembled 
“sandwich” insures accuracy at final 
assembly. AM—July 19 °54, p120 


MILLING 
Special machines 


MANUAL POSITIONING on Baird 4-station 
vertical mill has been replaced by an auto- 
matic rake feeding a magazine from a con- 
veyor belt, and by automatic ejection. Work 
is gaged, located, and rotated automatically. 
AM—Oct 12 ‘53, pl46 


Rocker-arm supports are drilled, 
reamed, and milled on a special ma- 
chine at Ford at 750 per hr by one 
operator. Old method required four 


LATHE HEADSTOCKS AND TAILSTOCKS are bored on a specially jacked-up lathe by 
mounting them on a platen which replaces conventional cross-slide. Two boring bar supports 
are also carried on platen. Same fixture handles both head- and tailstocks to insure align- 


ment. 
AM—May 24 ‘54, pllé 
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Distance from platen to spindle centerline was increased 10 in. by raising blocks. 
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AUTOMATIC MACHINE WEIGHS AND SORTS PISTONS, and mills off required amount 
of stock from lugs to + 2-gram accuracy without operator attention. AM—Oct 12 ‘53, p50 


men at a gang drill and one at a 
horizontal mil! to produce 38 per hr. 
AM—Oct 12 °53, p137 


Specially built Newton vertical milling 
machine flycuts cylinder heads to per- 
mit rocker cover assembly without 
gaskets. Flatness is within 0.0005 to 
0.001 in., and surface finish is 20 mu 
in. Operator merely loads and unloads 
9-station rotary table; 12-in. cutter 
with carbide blades machines alumi- 
num castings at 4700 sfpm. AM— 
July 19 °54, p124 


ELONGATED SLOTS are milled to close 
tolerance on two-dimensional pantograph 
miller modified by substitution of stub man- 
drel for regular table, knee, and saddle. 
Special controls regulate cutter feed and 
rapid traverse, and speed of tracer travel. 


AM—Nov 9 '53, pi !7 


Bi4 


Cylinder blocks for Ford 8-cylinder 
engines are milled on ends and banks 
on Ingersoll in-line equipment. It com- 
bines several otherwise separate oper- 
ations into a single machine and con- 
tinuous cycle, with work handled and 
conveyed automatically. AM—Oct 12 
°53, p151 


Control of milling machine for skin 
structures of jet aircraft is exercised 
by magnetic tape through record play- 
back machine. Instrument is built by 
GE for Giddings & Lewis. AM—Oct 
26 °53, p97 


Duplicate fixtures speed milling oper- 
ations on hulls of M8E2 cargo carrier. 
Same fixture also serves for drilling, 
counterboring, reaming and tapping. 
AM—Oct 26 ’53, p116 


Universal milling machine built by 
George Gorton has interchangeable 
components and is designed so a high- 
speed vertical milling head can be 
attached to give the horizontal ma- 
chine dual milling ability. Extremely 
wide knee insures exceptional rigidity 
under heavy cutting loads. AM-—Dec 
7 °53, pl46 


World’s largest die-sinking tracer ma- 
chine has been built by Giddings & 
Lewis. It consists of two horizontal 
boring machines riding on a common 
61 ft runway. AM—Dec 7 ’53, p181 


Special spar and skin milling machine 
built by Giddings & Lewis for Douglas 
Aircraft can machine entire aircraft 
sections from aluminum plate 40 ft 
long and 10 ft wide. Machine is op- 
erated by two men, and can achieve 
tolerances of 0.0015 in. It has three 
Onsrud heads automatically guided 
by templet or pattern. In a typical 
wing section milled from 2-in. plate, 
number of parts was reduced from 29 
to 1, and 1300 rivets were eliminated. 
AM—June 7 °54, p171 


Special skin milis are employed by 
several aircraft companies. Douglas 
El Segundo has one with a table to 
handle plate 10 ft wide by 40 ft long. 
One Onsrud head is templet-guided 
in two planes, other two in one plane. 
North American has an electronically 
controlled machine with table 18 ft 
wide by 25 ft long to produce two 
skins at once. Same company also has 
a beam mill with fixed table and 
single, 60-hp head. A 2-tooth flycutter 
operates at 3600 rpm and 100 ipm 
feed. Lanolin-kerosene mixture is ap- 
plied as mist. Cutter rise and fall is 
controlled by a hydraulic tracer unit 
following profile bars mounted on the 
side of the beam. Machine is said to 
cost only one-fifth as much as skin 
mill. AM—July 5 °54, p132 


RADIOACTIVE MATERIALS are milled on a 
No. 16 Van Norman ram-type miller inside 
a special cell. Machine has been specially 
modified to do surface grinding by a wheel 
and drive mounted on the overarm which 
can bé rotated to act as a spindle support 
or grinder. All functions are hydraulically 
operated, and either manual or hydraulic 
controls are operated from outside the cell. 
AM—April 12 ‘54, pl65 
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MILLING MACHINE FOR RADIOACTIVE COMPONENTS of atomic submarine power plant 


s enclosed in a stainless-steel cabinet with plastic top. 


Water circulates through cabinet 


which is immersed in 25 ft of weter in main tank. Motor and drive mechanism are enclosed 


in pressurized housing supplied with dry air. 
of machine. AM—April 12 '54, p167 


Twist milling of wing spars has led to 
the development of several special 
machines. Douglas has one with six 
conventional and two twist heads with 
twist controlled by a spiral cam. An- 
other approach is a rocking fixture 
with a metal templet acting as a cam. 
AM—July 5 °54, p135 


Trend to larger contoured parts in 
supersonic planes has necessitated 
wider use of Keller and Hydro-Tel 
machines formerly employed chiefly 
for die sinking. As requirements for 
finish-machining aluminum are differ- 
ent from those for roughing out steel 
dies, Keller machines are being built 
to meet such requirements as a toler- 
ance of 0.0005 in. over a 20-ft length. 
AM—4July 5 °54, p130 


High-speed milling machine built by 
Cincinnati is now used in production 
work by Convair. Average finishes of 
10 to 20 mu in. rms can be obtained 
at 175- to 250-imp feed. Long tool 
life and high accuracy are obtained. 
Absence of heat in work eliminates 
warpage problems in 75ST aluminum. 
In face milling, better finishes are ob- 
tained at production rate more than 
four times that of standard vertical 
mills. For information on cutters, see 
under Tooling. AM—July 5 °54, pi31 


For taking long cuts with a hydrau- 
lically driven portable milling ma- 


Pit water feeds hydraulic operating mechanism 


chine, Navy suggests setting up two 
30-ft railroad rails straddling the cut 
to be made. This allows a 30-ft cut 
without moving the carriage rails, cuts 
setup time 40% for a 90-ft cut. AM— 
July 19 °54, p101 


Milling attachment mounted on the 
crossrail of a planer serves to cut 
crosswise grooves in 101-ft-long work- 
piece to provide starting grooves for 


planer tools. Workpiece is column for 
35,000-ton press, and planing must be 
done in three stages on the 36-ft ma- 
chine. AM—July 19 ’54, pil8 


Planer-miller with 100-hp motor 
roughs and finishes 101-ft press col- 
umns. Progressively, forging is clamp- 
ed to 40-ft-long table and overhanging 
portion is supported on wheeled bug- 
gies. Inserted-carbide milling head is 
12 in. in dia, and depth of finishing 
cut is 5/32 in. AM—July 19 °54, 
pli9 


Both ends of giant press columns are 
machined simultaneously after three 
sections are laminated together. Hori- 
zontal boring and milling machines 
finish bore a 10-in. dowel hole at each 
end, then mill 11l-in. and 38%-in. 
radii into the end hooks. Maching the 
assembled “sandwich” insures accu- 
racy at final assembly. AM—July 19 
54, p120 


Speeds & feeds 


Spectacular developments have occur- 
red in milling practice in recent years, 
including surface-speed increases to 
1435 fpm. Increased power and rigid- 
ity, flywheels, climb milling, and auto- 
matic cycling are responsible. Higher 
speeds and feeds are in sight. AM— 
Mid-Nov °53, pBi2 


HORIZONTAL BORING and milling machine is mounted on the carriage of a double-end 
boring lathe to provide accurate longitudinal movement of 105 ft for final milling of giant 
press columns. Flexible cables supply power to milling machine for the full traverse, which 


is made at |5 ipm. 
AM—July 19 '54, plig 
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Special motors and direct-drive gearing were installed on the lathe. 
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spindles running up to 
100,000 rpm make it possible to use 
carbide burs for milling materials once 
considered unmachinable except by 
grinding. AM—Mid-Nov °53, pB14 


Test cuts have been made with a 10- 
in. inserted-tooth carbide face mill 
cutting SAE 4150, 250 Bhn, at 13 ipm 
and a speed of 592 fpm, with an 0.170- 
in. depth of cut. Machine was a Gor- 
ton miller, and no vibration was 
detected. At 5236 fpm and a lighter 
cut, the cutter failed but gave a 
smoother finish as long as it lasted. 
Work was done dry. AM—Nov 23 
*53, pl69 


Chatter occurs with end mills at a 
certain point. Usual practice among 
operators at Jones & Lamson was to 
reduce feed to some point below the 
critical. Tests by time-study dep’t re- 
vealed that chatter also disappears 
when feed is increased above the 
critical. Standards are now set for 
incentive bonus payments at over 
twice the feed range normally ac- 
cepted for end milling practice. AM 
—May 24 ’54, p120 


For end milling on Convair’s Cincin- 
nati high-speed mill, best feed rate for 
rough cuts is 80 ipm; finish cuts can 
be taken at 150 ipm. When end mills 
cut on one side only, 375 ipm (limit 
of the machine) was satisfactory for 
roughing. 4M—July 5 °54, p132 


Tests made for the Air Force by Con- 
vair on the Cincinnati high-speed mill- 
ing machine show that cutter efficiency 
went up when operating above the 
rated horsepower. Face-milling 75ST 
aluminum at 10,700 rpm, chip load 
0.0052 in., and 225 ipm feed, took 50 
hp and removed 3.38 cu in. per hp. 
With chip load of 0.0064 in. and 275 
ipm feed, 77 hp is consumed and 3.57 
cu in. per hp are removed. AM—June 
21 °54, p165 


High-helix milling 


High-helix carbide-bladed cutters at 
Convair mill 150 spar caps in 16 hr 
instead of 48, with feed tripled to 300 
ipm at 3600 rpm. On end milling job, 
cost was cut from $3 each with HSS 
straight-flute cutter to 19 cents with 
a helical carbide one. AM—Dec 21 
*53, p81 


Blé 


HIGH-HELIX-ANGLE CUTTERS permit 
higher milling speeds and give cleaner cuts 
on titanium, aluminum, stainless steel, and 
other materials. AM—Sept 28 ‘53, p!33 


High-helix, carbide-bladed end mill 
removes 61% cu in. per min of 2340 
nickel steel (Rc28) at Long Beach 
Naval Shipyard. A 3-in. Helicarb cut- 
ter in a 50-hp Cincinnati miller runs 
at 416 rpm, with cut 1 5/32 in. deep 
and table feed of 19 ipm. Similar 
tools have milled aluminum spars at 
Convair at 300 ipm feed and 3600 
rpm on 7/16 x 2 7/8-in. cut to reduce 
milling time 75%. Developed by Boe- 
ing, tools are made by Sonnet Tool & 
Mfg Co, Hawthorne, Calif. AM—Feb 
15 °54, p183 


Coolants 


High-speed milling requires an ade- 
quate volume of cutting fluid applied 
close to the work and cutter and dis- 
tributed over the whole width of the 
cut. Coolant must be flowing when 
the tool enters the cut to avoid thermal 
shock and cutter damage. AM—Mid- 
Nov ’53, pC5 


Mist cooling produces substantial econ- 
omies in tool life and improves sur- 
face finish. Mist may be applied in a 
variety of ways, depending on the job. 
AM—Sept 14 ’53, p148 


Vertical end milling offers possibilities 
for COz cooling, because jet can be 
brought close to create snow on cut- 
ter. In surface milling, cooling effect 
may be wasted through cutter and 
arbor, so oil is added to jet to cause 
it to adhere to surfaces normally hard 
to reach. AM—Feb 15 °54, p133 


Improved working conditions result on 
end milling operations when coolant 
is aerated by passing it through an 
ordinary kitchen-faucet aerator. With 
a 1%-in.-dia end mill running at 100 
rpm little splashing occurred because 


aerated coolant clung to tool. Tool 
life was considerably increased. Units 
called “Bubble-Stream” can be bought 
from hardware or plumbing-supply 
houses for about 75 or 85 cents. AM 
—April 12 °54, p176 


Routing 


Duplicate templets are easily made 
from a master on Northrup’s templet 
duplicator. Roughed templet is fast- 
ened to master with handles and spac- 
ers, then master is pressed against 
guide pin and templet is profiled by 
carbide cutter. Guide pin can be raised 
and lowered so cutter can work in 
cutout areas. AM—Aug 3 °53, p139 


Routers for machining acrylic plastic 
should have a no-load speed of 10,000 
to 22,000 rpm. Two- or three-flute 
cutters, under 144 in. in dia will pro- 
duce smoothest cuts at these speeds. 
Keep cutters sharp, with 10° back 
clearance angle and zero rake. Grind 
small radius on cutter corners to avoid 
cracking work in corner. AM—Feb 1 
54, p119 


Router used for skin milling at Con- 
vair plant has two parallel tables, su- 
perimposed, to hold work and templet. 
Work is clamped to top of lower 
table, and negative templet to bottom 
of top table by special vacuum device. 
Flycutters on router operate at 21,000 
rpm. Rise and fall are controlled by 
templet as head operates on a vertical 
slide and is held against templet by 
air pressure. Tables can be leveled to 
+0.001 in. over 15 ft. AM—July 5 
*54, p133 


Special materials 


Contact fingers are milled in silver- 
tipped beryllium-copper strip by gang- 
ing strips in a packing fixture, so ten 
strips are cut at once. Strips are re- 
rolled into cylinders after slitting. AM 
Feb 1 °54, p99 


Acrylic plastics:can be milled with 
standard tools with zero rake. Use 
light feed to prevent chipping, and 
keep tools clean, sharp, and free from 
nicks and burrs. At reasonable speeds, 
coolant is not required but, if much 
heat is generated, use soluble oil or 
water. For heavy stock removal, one 
or more annealing operations may be 
needed. AM—Feb 1 °54, p118 
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TABLE I—TESTS OF DUPLICATE MILLED SPECIMENS OF 75S-T6 


TENSILE STRENGTH, p.s.i. 


YIELD STRENGTH, p.s.i. 


ELONGATION 
%, in 2in. 








Dull Per cent ‘Sharp 


cutter reduction : 


82,000 8-9 
78,000 11-4 
79,000 14-9 
82,000 5-0 


Average reduction 10-4 





< 
Dull 
cutter 


10-0 


Sharp 
cutter 
12-0 
16-2. 11-0 10-0 
16-4 10-0 12:0 
14:2 95 85 


14-1 


Per cent 
reduction 
12-5 


Dull 
- cutter 
70,000 
67,000 
69,000 
69,000 





TABLE 2—TESTS OF DUPLICATE MILLED SPECIMENS OF 24S-T4 


TENSILE STRENGTH, p.s.i. 


YIELD STRENGTH, p.s.i. 


ELONGATION 
% in 2in. 





Per cent Sharp 
reduction cutter 


Dull 
cutter 
60,000 48 
62,750 60,100 42 
65,500 62,000 5:3 
63,600 58,500 80 


Average reduction 5-6 


Sharp 
cutter 
63,000 





47,250 
50,000 
45,800 


46,750 


Dull Per cent Sharp Dull 

cutter reduction cutter cutter 
32,000 316 18-0 15-0 
37,000 21:7 18-0 140 
41,000 18-0 17-0 17-5 
40,500 116 20-0 19-0 


207 





DULL TOOLS FREQUENTLY OVERHEAT ALUMINUM and cause weaknesses in finished 
parts that are otherwise inexplicable. Tables show reduction in tensile, yield, and elongation 
of two common alloys when machined with dull cutter having insufficient clearance angle. 


M—Oct 24 ‘53, p!788 


For milling titanium alloy, a carbide 
grade like 883 at 350 sfpm and a feed 
of 0.003 ipt, in a climb milling opera- 
tion is recommended. Milling is best 
done without coolant, with O rake 
angle, and a 45° lead angle. For com- 
mercially pure material, speed may be 
doubled. AM—Feb 15 °54, p147 


Tests at Cincinnati Milling indicate 
that tool-chip interface temperatures 
for titanium are almost twice those 
for SAE 1112. Tool-chip contact area 
is slightly less. HSS and Carbide tool 
materials are soluble in titanium at 
elevated temperatures, and cast-iron- 
cutting grades are better than steel- 
cutting grades for machining this ma- 
terial. AM—June 7 °54, p172 


Experiments with the new 3Mn Com- 
plex titanium indicate that best results 
are obtained with slow speeds, heavy 
feeds, and carbon tetrachloride cool- 
ant. The same applies to sawing. 
Other machining operations are rela- 
tively easy if standard stainless steel 
procedures are followed. PE—July 
54, p174 


Tantalum and columbium should be 
milled with HSS cutters and at speeds 
over 100 and up to 300 sfpm. Carbide 
or nonferrous alloys will not serve be- 
cause the material welds to the edge. 


Cutters should have staggered teeth, 
plenty of rake, and generous clearance. 
Best feed rate is 0.005 in. per tooth. 
Carbon tetrachloride is the only cool- 
ant that will prevent galling and tear- 
ing, and good exhaust fans must be 
installed to remove the toxic fumes. 
AM—April 12 ’54, p196 


Vertical face milling on zirconium is 
preferable to horizontal slab milling 
because metal can be removed at 
higher rates with excellent finish. 
Speed can be 250 sfpm with soluble- 
oil coolant. Dry machining can be 
done only at low speeds and feeds 
because of fire hazard. Even wet, re- 
move chips frequently. Chips work- 
harden and may scratch work face, 
so grind cutter with 5 to 6° negative 
radial rake and 10 to 15° positive 
axial rake with 45° chamfer on corner 
to curl chips and throw them clear of 
the work. AM—April 12 ’54, p202 


Powder-metal parts can be milled with 
carbide cutters at 250 to 300 sfpm, or 
HSS cutters at 70 sfpm. Helical teeth 
provide best chip disposal. Grind tools 
with minimum corner radii, or pre- 
ferably with beveled corners. Best 
roughing feeds are about 0.002 to 
0.005 in. per tooth; finishing feeds, 
about 0.001 to 0.002 in. AM—April 
26 °54, p103 
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Face milling of SAE 4340 heat treated 
above 260,000 psi requires inserted- 
tooth cutters. These will work on 
either surfaces or slots with depth of 
cut under 1/16 in. Slitting cutters have 
poor life. Carbide end mills are fairly 
satisfactory at 100 to 125 sfpm with 
0.002 to 0.004 in. chip load. AM— 
July 5 °54, p135 


Fly cutting with carbide-tipped cutters 
and a rigid setup will provide a 50 mu 
in. finish on SAE 4340 steel heat 
treated above 260,000 psi. Speed 
should be 450 sfpm with a light chip 
load and minimum depth of cut. AM 
—July 5 °54, p135 





—— Ferrite-grophite ee 
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METAL REMOVAL at various cutting speeds 
on annealed and unannealed gray iron be- 
fore wear on carbide cutter exceeded wear 
land of 0.030 in. Machinability increases 
as much as 50 times after annealing. Power 
requirements are also reduced. PE—May 
54, pl44 


Bearing holes in casting are precision 
bored and reamed by tools held in 
milling machine spindle to tolerance 
of +0.0002 in. Work is located by 
traverse settings of table, feed at %4 
ipm by cross traverse. For line ream- 
ing, guide bushing in overarm pro- 
vides required accuracy. AM—Aug 
17 °53, p97 


Valve seats are cut with a special 
carbide-tipped cutter having a long 
pilot and spring loading to even out 
the cutting load. Grinding of seats is 
eliminated. AM—Oct 12 ’53, p148 
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Commutator slots were originally cut 
by milling one at a time at Ford plant. 
Modern practice is to broach 28 slots 
simultaneously in a special setup on a 
punch press. See illustration under 
Broaching. AM—Oct 12 °53, p130 


Jig-boring operations are performed 
on a standard Bridgeport miller by 
equipping it with Griswold Scan-a- 
Scale optical vernier sights and scales. 
Readings can be made to +0.0001 in. 
AM—Dec 7 ’53, p145 


Selection of spur-tooth cutter for mill- 
ing involute helical gear teeth is com- 
monly based on a formula that gives 
a needlessly poor approximation. A 
new formula permits selection of an 
almost exact cutter. See data and il- 
lustration under Gear Cutting. AM— 
Feb 1 °54, p131, 133 


Spherical bores can be produced on a 
milling machine or jig-borer with a 
single-point tool and a universal rotary 
table. Angle of table is determined 
by the thickness of the work, and tool 
must be set so it clears the sides of 
the work. Spherical radius is de- 
termined by the distance from tool 
tip to centerline of spindle. Surface is 
generated by rotating the table. See 
illustration under Boring. AM—Mar 
29 °54, p129 


Special table 
feed screw 
‘ 














Standard 


mill table 
| I 


MILLING of long, thin, non-magnetic parts 
at Argonne National Laboratory at feed 
rates beyond the normal range of a standard 
machine was made possible by a vacuum 
chuck attached to an auxiliary table oper- 
ated by a feed screw geared to the regular 
feed screw at a |-to-I ratio, Thus the total 
feed rate for the work is double that shown 
on the feed-rate indicator, and each table 
travels only half the total workpiece travel. 
For detail of chuck, see under Tooling. AM 
—April 12 '54, p21! 


feed screw 
' 
Power feed‘ 
geor train 
+/ rotio 





Milling forces can be determined with 
a high degree of accuracy by a strain 


gage dynamometer developed at MIT. 
A two-dimensional type is simply an 
extended octagonal ring, measure- 
ments being independent of position 
of load application. See illustration 
under Grinding. AM—May 10 °S54, 
p127 





























L 
FOUR-DIMENSIONAL strain gage dynam- 


ometer for milling, planing, shaping, and 
tapping studies, developed by MIT, renders 
earlier types obsolete. Using four octa- 
gonal rings as measuring elements, it meas- 
ures the three force components; FH, by 
rings B and C, Fig by rings A and D, Fy 
by all four rings, and the moment about M 
by rings A and B wired to subtract. Meas- 
urements are thus independent of each other 
and of the position of load application. 
AM—May |0 ‘54, pl27 





Squareness of related faces on large 
castings is insured by mounting work 
on rotary table on three-spindle In- 
gersoll mill. Indexing pins lock table 
at 90° intervals so work can be ro- 
tated, presenting it to opposed rough- 
ing and finishing cutters in turn. Third 
spindle is vertical for machining top 
surface. AM—May 24 ’54, p116 


To cut a helical groove in light alloy- 
steel rods 20 ft long, with a total in- 
cluded angle of 60°, one end can be 
anchored, the other twisted through 
the required angle. After twisting, 
clamp securely and take a straight cut. 
When clamps are released, work will 
spring back to its original form and 
the groove will have the required 
helix. Check first to see that required 
twisting force is within permissible 
limit. AM—June 7 °54, p157 
































MILLING FIXTURE for five workpieces is 
operated by hydrostatic transmission of pres- 
sure through a plastic mass. Collets are 
drawn into seats by pressure of plastic mass 
on plunger |. When pressure is released, 
collet expands through action of spring 
under cup. Cover plete 2 positions work 
lengthwise and protects collet seat from 
chips. AM—June 21! ‘54, p127 


GRINDING 


Special machines 


Two grinders operate on opposite ends 
of torsion bar springs to avoid end- 
for-end turning. Work is handled on 
transfer rails located between the ma- 
chines. AM—Aug 3 °53, p116 


Special 17-wheel Landis grinder semi- 
finishes 150 camshafts per hr. Process 
includes removing casting flash, truing 
body, and cleaning up lobes and main- 
bearing side walls. Cycling is auto- 
matic after operator positions work in 
trunnion supports. AM—Oct 12 °53, 
p145 


Fixture for grinding Ford push-rod 
ends on.a Hanchett machine was for- 
merly loaded manually; now, parts are 
delivered by conveyor to a hopper that 
sorts and feeds them to a loading 
mechanism that loads the fixture, mak- 
ing the machine automatic. AM— 
Oct 12 °53, p132 


Small twist drills are fluted by grind- 
ing from solid, hardened blanks in a 
special machine at Ford. Operation is 
automatic, and no subsequent polish- 
ing is required. AM—Oct 12 °53, 
p135 


Partly finished drills are ground on 
the OD in a centerless grinder equip- 
ped with an automatic magazine feed. 
Regulating wheel is automatically 
moved and returned to rest position, 
and stock is automatically ejected 
after grinding. AM—Oct 12 °53, p136 


Special traveling-head grinders ma- 
chine armor plate weldments and 
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castings when milling gave poor finish 
and short cutter life. Wheel costs were 
$34 as against $84 for milling cutters, 
and labor costs were only 67% of 
those for milling. Stock removal is 
1000 Ib in 1% to 2 hr, with roughing 
and finishing done on the same ma- 
chine. AM—Dec 7 ’53, p129 


4 ee 


PORTABLE, TWO-HEAD GRINDER rough 
and finish bores and faces 8-ft-dia turret 
bearing seats for tank hulls. Machine is 
moved by overhead crane. Bore is held 
within 0.0025-in. AM—Dec 7 '53, pl30 


World’s largest surface grinder, built 
by Thompson Grinder Co has been 
installed at Monarch Machine Tool Co. 
Machine is 79 ft long, 13 ft high, 1314 
ft wide, and will grind lathe bedways 
to within 0.0005-in. tolerance. AM— 
Dec 7 ’53, p144 


Powder chambers of 120-mm gun 
tubes are ground on tracer-controlled 
grinders at Watervliet. Length of 
chamber necessitates two contour 
plates, each controlling half the length, 
and the use of a 1:1 ratio of master 
to work. Production time is reduced 
from 24 hr for hand reaming and 
polishing to 7.5 hr on the machine. 
AM—Dec 21 '53, p101 


Balls for miniature ball bearings are 
ground on special machines at British 
Manufactured Bearings Ltd, England. 
Grinding takes place between two 
grooved Meehanite plates, one rotating 
and the other stationary. Balls pass 
between these disks, are carried up 
the spiral groove and stripped off at 
the periphery. They then return to 
the hopper and the process is repeated. 
Grinding takes 16 to 25 hr, and is 
repeated three times during production. 
M—Mar 13 °54, p434 


Grinding of steering knuckles on a 
special machine is speeded by an 
automation device that serves as a 
magazine for the work and as an 
automatic transfer unit. Unit is manu- 
ally filled and holds parts until ma- 
chine is ready to receive them, then 
positions parts in an indexing member 
of the grinder. Machine cycle time is 
speeded, and only 10% of one oper- 
ator’s time is needed. Total cost of 
the equipment was $5000. AM—April 
12 °54, p181 


Several types of grinders are now 
available for cam-contour grinding, 
ranging from high-production models 
to attachments for plain and universal 
grinding machines. Development of 
the contour may be from a master 
cam or by actual generation through 
suitable mechanism. Machines pro- 
duced in the US have no gear trains 
to produce inaccuracies inherent in 
this type of drive. AM—May 10 ’54, 
p137 


Special grinding machine made in 
France from a German design, (the 
Polygon grinder) is capable of gen- 
erating round and curvilinear profiles 
without special tooling. It is limited 
to generating cylindrical, eccentric, 
triangular, square, and elliptical forms 
which must be a combination of radii; 
relief and flat areas cannot be pro- 
vided. Parts produced on this machine 
can be inspected with standard 
micrometers and plug gages because 
shapes are equilateral in form. Tri- 
lobe design offers substantial econ- 
omies over conventional splines. AM 
—DMay 10 ’54, p155 


Giant belt grinder built by Hill-Acme, 
said to be the world’s largest, has been 
built for machining compound tapers 
on flat aluminum plates. Floor-to- 
floor time for machining sections is 
estimated to be 50% below that for 
skin milling. Polishing to 10 mu in. 
can be performed with fine-grit belts. 
Work is done wet, with high-pressure 
coolant. AM—June 7 ’54, p185 


Centerless grinding 


Finish ground parts discharged from 
centerless grinders can be prevented 
from being nicked from falling into 
tote box by sliding them down a 
spring pipe rotating slowly over bot- 
tom of container. See _ illustration 
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under Materials Handling. AM—Sept 
28 *53, p150 


Centerless grinder is employed for 
first time on 1100-lb workpiece for 
form-finishing journal dust collar and 
fillets within 0.001 in. on railroad 
axle. Automatic tramway sets axle 
into V’s of hydraulic lift which lowers 
it into the machine. Size is indicated 
by Arnold gage, used for the first 
time on a centerless. AM—Jan 4 ’54, 
p132 


Parts made from plastic and wood are 
easily produced by centerless grind- 
ing. The trick lies in crush-dressing 
the grinding and regulating wheels, 
and grinding the work rest with the 
work wheel. Dressing is done on a 
lathe with the crushing roll running 
free in a holder on the cross-slide. One 
dressing usually lasts for many 
thousands of pieces. AM—May 10 
°54, p134 


Abrasive belt grinding 


Carbide-tipped tools can be ground 
satisfactorily with abrasive-belt ma- 
chines when diamond wheels are not 
available. Two new machines with 
short, seamless belts eliminate ob- 
jectionable rounded edges formed by 
conventional machines. Roughing is 
done with silicon-carbide wheel, nar- 
row land finished with belt. Best 
results are obtained with 150-grit belt 
used dry at about 4500 sfpm with 
stick lubricant. AM—Feb 1 ’54, p104 


TO OBTAIN EVEN FINISH and stock re- 
moval on belt grinder, auto brake disks are 
rotated by motor-driven rollers, held down 
by magnetic platen under belt. Belt motion 
pushes work toward rollers so work cannot 


disengage. AM—Feb 15 ‘54, p/53 
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MAGNETIC PLATEN on ss abrasive-belt 
grinder holds work on the belt and provides 
correct amount of normal pressure for the 
job. To change pressure, install a different- 
size platen or adjust the field in the magnet. 
AM—Feb 15 ‘54, pi53 


Contact wheels have a pronounced ef- 
fect on the performance of abrasive 
belts. Choose them according to ma- 
terial and hardness best suited to the 
particular job. They are available in 
rubber and canvas of varying degrees 
of hardness, and with plain or serrated 
faces. Cutting action increases with 
density, but finish becomes coarser. 
AM—June 21 °54, p121 


Serrated (cog-tooth) rubber contact 
wheels increase abrasive belt cutting 
action, have a cooling action, and pro- 
long belt life. Their principal function 
is stock removal, and they are avail- 
able in various densities. Finish pro- 
duced is somewhat inferior to that 
produced by plain wheels of corre- 
sponding hardness. AM—June 21 ’54, 
pl22 


Cloth contact wheels made of com- 
pressed canvas are ideally suited to 
support abrasive belts because of uni- 
form density, balance, and concentric- 
ity. They are available in various den- 
sities; hard wheels being preferred for 
roughing, softer for fining and oil- 
fining. Heavy-duty types are made of 
laminated rubber and canvas; slotted 
types are also available for heavy 
stock removal but tend to be noisy 
AM—June 21 °54, p122 


Full-disk contact wheels made of disks 
of canvas sewn together are particu- 
larly well suited for belt grinding 
curved work, as they yield readily to 


B20 


pressure. Width can be controlled by 
adding or removing disks; hardness 
can be increased by using large-dia 
bell flanges, reduced by inserting 
spacers between sections. 4M—June 
21 °54, p122 


Characteristics of contact wheels 
change with variations in operating 
speed. A soft wheel will act harder 
and present a more solid support for 
an abrasive belt as its speed is in- 
creased. But increasing belt speed will 
not increase output. Belt will not 
conform to contours as easily and 
will not necessarily grind faster. AM 
—June 21 ’54, p123 


Abrasive-belt grinding of blade roots 
for fan rotors and stators proved more 
effective than milling or grinding in 
producing accurate contours. Method 
of feeding blades to the belt prevents 
excessive heating, avoiding deforma- 
tion and preserving strengthh AM— 
May 10 ’54, p122 


COMPOUND CONTOURS are ground at 
Rohr on a modified Fox belt grinder. Driven 
by 10-hp motor, machine has shaft support- 
ing the pressure wheel riding on two cam 
plates which can be changed to suit the 
contour required. AM—VJuly 5 '54, p134 


Gear grinding 


Grinding on gears may cause surface 
tempering and rehardening and result 
in premature gear failure. Trouble may 
be prevented by proper grinding pro- 
cedures. Too high a finish adds to the 
hazards of tempering, and a finish 
of 30-35 mu in. is recommended. AM 
—Nov 9 ’53, p183 


Spur gear is ground on ID, centers 
ground at each end of bore, and one 
end face ground by holding in special 


Garrison chuck which locates on PD 
by segment gears. Chuck can be in- 
dexed 180° so both ends can be 
ground without losing setting. Part 
also has bevel-gear teeth on shaft in- 
side chuck which are engaged by pins 
at PD to maintain relationship be- 
tween two gears. AM—July 19 °54, 
p126 


Tool grinding 


Form tool tips used in special Kidde 
Co toolholder are ground in special 
block, three at a time. Clearance angle 
is obtained by tilting block on back 
which is inclined 8°. Profile is pro- 
duced on Microform grinder. AM— 
Aug 3 °53, p109 


Diamond wheels produce a much finer 
cutting edge on carbide tools than do 
silicon carbide wheels which leave a 
silicon deposit in the ragged edges 
produced. This may be an important 
factor in tool life. AM—Aug 3 °53, 
p120 


Grinding carbide spar-mill cutter tips 
with a helix-angle facing instead of a 
normal fiat facing increases tip life 
and gives higher cutter efficiency. 
Special attachment on tool grinder 
simplifies grinding. AM—Nov 9 ’53, 
p124 


TOOL GRINDING BLOCK for trepanning 
tools holds tool as in the cutter head. All 
angles are on the block, so it can be tipped 
on magnetic chuck on surface grinder to 
produce required angles on tool, AM— 
Jan 4 '54, pll4 


Cam grinders are employed to grind 
formed punches for pressing sintered- 
iron cams. Master cams were origi- 
nally developed for grinding hard steel 


1955 Production Planbook 





cams. Laps for die barrels are ground 
on same machine. AM—Nov 23 ’53, 
p124 


pas) 


PLUNGE-GRIND for chip breakers on round, 
solid carbide tool inserts is produced by 
taking series of straight passes across edge, 
eliminating peripheral grind of ledge, which 
is rough on wheels. AM—May 24 ‘54, pl15 


AIR GRINDER clamped to main spindle of 
a Cincinnati grinder can be swiveled parallel 
to it to permit tapered helical end mills to 
be sharpened with little trouble. Small wheel 
makes accurate cut on helix and rake angle 
and prolongs life so they can be resharp- 
ened eight times, instead of twice, as for- 
merly. Idea saves Chance Vought Aircraft, 
$4000 a year. AM—May 24 '54, pIl7 


Hollow grinding of carbide toolbits is 
done with 1- to 6-in-OD diamond 
wheels with ¥%-in. face. Chipbreaker 
ledges are usually 0.015 in. deep, 1/32 
to % in. wide. 8° shear angle is usu- 
ally employed. Work is done on. No. 


13 B & S universal grinder. See illus- 
tration under Tooling. AM—Jan 4 
54, p90 


Grind chipbreakers in carbide tools 
on a diamond wheel with a single 
plunge cut, making them only just 
long enough to cover the full depth of 
cut to be taken by the tool. It is 
quicker and saves diamonds. Rate of 
wheel wear is so slow that extra care 
must be taken not to chip corner of 
wheel, because wasteful dressing 
would be needed to clean up nicks 
usually worn away by wheel wear. 
AM—May 24 ’54, p115 


Time studies of tool grinding practices 
at Jones & Lamson revealed many 
inconsistencies. When standards were 
established for bonus purposes, in- 
cluding standard wheel speeds and 
grades, it was possible to reduce num- 
ber of men from 22 to 8 for the same 
work load. AM—May 24 ’54, p120 


In grinding drills for titanium, make 
the included angle 150°, and generate 
a 15° lip-clearance helix all the way 
to the exact center, eliminating the 
usual chisel point. Flutes may be 
straight or helical, but drill should 
have no body clearance. AM—June 
21 °54, p144 


Electrolytic grinding 


Electrolytically assisted grinding with 
metal-bonded diamond wheels permits 
grinding carbides six times as fast with 
minimum diamond consumption. AM 
—Sept 28 °53, p122 


Electrolytically assisted grinding of 
carbide tools can effect substantial 
economies in diamonds. Average sav- 
ing is 76% for production rates not 
more than 10% slower than conven- 
tional grinding. Tool performance ap- 
pears to be the same, regardless of 
grinding method. Capital expenditure 
and power consumption are inconse- 
quential in view of savings effected. 
Spray from grinding may be ob- 
jectionable to operators, but there is 
no health hazard from the gases 
evolved. AM—Feb 15 °54, p154 


Advantages of _ electrical-discharge 
grinding are that wheel is self-truing, 
and plunge cuts can be made directly 
into work, because wheel does not 
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touch work. This makes it possible to 
grind within a few thousandths of an 
edge without disturbing the thin web 
remaining. On tool grinding, there are 
no feather edges or heat cracks, and 
steel and carbide can be removed in 
the same operation. AM—Mar 15 °54, 
p146 


Standard grinding machines can be 
converted to electrical-discharge ma- 
chining by substituting brass wheel 
for the grinding wheel and changing 
to a gear motor drive to reduce wheel 
speed to about 100 rpm. Process is 
faster than diamond grinding. AM— 
Mar 15 °54, p146 


Grinding coolants 


Mist cooling is not generally appli- 
cable to grinding operations, although 
it has been successful on some nitrided 
parts. However, it will not prevent 
wheel loading, so wheel must be 
flushed after each grinding cycle. For 
diamond wheel grinding, on the other 
hand, it has proved successful. AM— 
Sept 14 ’53, p151 


Grinding wheel life is increased 20%, 
and disagreeable machine clean-out is 
avoided by supplying cutting fluid 
from central system and passing it 
through filters to remove dirt and 
chips before reuse. AM—Oct 12 53, 
p167 


Thread grinding produced burrs be- 
cause oil became too hot, surface 
finish was poor because of contami- 
nated oil. Installation of large coolant 
reservoir and filtration system saves 
$206 weekly in oil and cieaning time 
at Electric Auto-Lite Co. It also 
reduced wheel dressing 50%, in- 
creased production 30%, improved 
over-all operation 75%. AM—Dec 7 
°53, p127 


Installation of three Hoffman pressure 
filters and a settling tank with sludge- 
removal conveyor reduced wheel dress- 
ing 9542% and cut diamond cost per 
shift from $496 for two machines, to 
$62 for six machines; also eliminated 
hot oil fumes. Job was grinding Nim- 
onic jet blades at Utica Drop Forge 
and Tool Corp. AM—Jan 4 ’54, p129 


Plunge and thread grinding of hard- 
ened steel and alloys, Rc 62 to 64, 
has been speeded to three times nor- 
mal feed rate by high-pressure, solid- 
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jet application of cutting fluid. In-feed 
on thread gage grinding was increased 
from 0.020 to 0.060 in. per pass with- 
out burning and with size still within 
tolerance. On 4140 tubing, Rc 30 to 
38, burring and wheel loss were sub- 
stantially reduced. AM—Jan 4 ’54, 
p137 


For grinding titanium Ti 150A and 
RC-130B, excellent results have been 
obtained with Cimcool Titan cutting 
fluid on both internal and external 
work. On Ti 150A external work, use 
Cincinnati wheel No. 1182; for in- 
ternal work, Cincinnati wheel No. 
1140. AM—June 21 °54, p124 


CO. sprayed through multiple jets 
provides a cooled zone for offhand 
grinding. Coolant does not clog wheel, 
and the low temperature preserves the 
bond, as well as avoiding cracking of 
tipped tools. AM—Feb 15 °54, p133 


Grinding wheels 


Grinding troubles can often be traced 
to imprsper wheel truing and dress- 
ing. Correct wheel preparation can 
prevent broken wheels, poor work 
surface, chatter marks, burning, and 
cracking. AM—Sept 14 ’53, p159 


Loading of grinding wheels used for 
producing special forms in steel can 
be remedied by use of a piece of 
sponge rubber. Hold the rubber to the 
wheel surface when loading appears. 
This will clean the wheel and allow 
additional forms to be ground before 
dressing. AM—July 19 54, p146 


Color of grinding wheel is a good 
indication of when dressing is re- 
quired. A loaded wheel is usually dis- 
colored or dirty. Amount of wheel 
to be removed should generally be 
equal to the depth of cut taken in 
grinding, plus 3 to 5 thousandths to 
insure a clean wheel. For fast stock 
removal when finish is not too im- 
portant, take a 0.001 to 0.002-in. cut 
at a rapid cross-feed to form a spiral 
groove on the wheel face. AM—Sept 
14 °53, pl61 


Disk-grinding machines at Ford are 
equipped with bolt-on wheels. Mount- 
ing time is reduced 80%, amount of 
usable abrasive is increased, and 
wheels can be operated at higher 
speed. AM—Oct 12 ’53, p184 
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Correct mountiag of grinding wheels 
is major factor in preventing break- 
age. Excessive pressure is not re- 
quired, and about 15 ft-lb torque is 
generally adequate for flange-mounted 
types. After 8 to 16 hr of service, 
screws should be retightened to com- 
pensate for compression of blotters. 
AM—April 12 °54, p243 


Compound curves are ground on 
rocker arms by combination of double 
formed wheel and special fixture 
plate. AM—Oct 26 °53, p145 


Holes as small as 0.040 in. can be 
ground by a helical-flute carbide bur 
run at 60,000 rpm. AM—dAug 17 ’53, 
p145 


Replacement of a pencil wheel by a 
solid carbide bur for finishing an 
arcuate slot in a hardened steel part 
has increased production about four 
times. Machine employed is a Bryant 
No. 1109 internal grinder with high- 
frequency wheelhead giving speeds to 
150,000 rpm. Burs made by Atrax 
Corp, Farmington, Conn, produce 
best finish in diamond pattern, but 
break down faster than spiral-cut burs, 
which leave marks on the surface but 
do a better job. Optimum speed is 
70,000 rpm, but spiral burs can be 
operated at top speed. AM—April 12 
54, p173 


For finish grinding hard-faced work, 
use a medium-grit, medium-hard 
wheel to provide gradual breakdown 
and avoid glazing by the hard alloy. 
Before grinding, machine surface with 
a heavy cut to reveal pits, cracks, low 
spots, and other imperfections which 
can be repaired prior to grinding. AM 
—May 24 ’54, p128 


Internal grinding of titanium Ti 150A 
has been performed successfully with 
a Cincinnati wheel No. 1140, using 
Cimcool Titan fluid. Best wheel speed 
was 4000 sfpm, work speed 75 sfpm. 
Tests were made by Cincinnati Mill- 
ing. AM—June 21 °54, p125 


Extertial grinding of titanium Ti 150A 
has been performed successfully with 
a Cincinnati wheel No. 1182, using 
Cimcool Titan fluid. Best wheel speed 
was 3850 sfpm, work speed 75 sfpm. 
Tests were made by Cincinnati Mill- 
ing. AM—June 21 °54, p124 


Grinding special materials 


Internal grinding of titanium on a pro- 
duction basis, using a variety of 
wheels, coolants, and wheel speeds is 
reported at Bryant Chucking Grinder 
Co, which is producing a 6 mv-in. 
finish with 0.005-in. stock removal of 
150-A titanium, Re 30, in a %-in.- 
deep hole in 45 sec. AM—Mar 16 
*53, p201, AM—Jan 18 °54, p105 


When grinding titanium with alumi- 
num-oxide wheels, speed should be 
reduced to 1500 to 2500 sfpm. This 
will reduce wear as much as 5O times. 
Flood with coolant of 10% rust in- 
hibitor in water, and use slow cross- 
feed and table-traverse rates. Silicon 
carbide wheels can be used at 6000 
sfpm, but they must be flooded with 
light grinding oil, which introduces 
a fire hazard. 60-80-grit aluminum- 
oxide wheels produce best results. AM 
—June 7 °54, p172 


For belt grinding of titanium, silicon 
carbide abrasive has proved better 
than aluminum oxide. Belt speeds of 
1500 fpm gave best over-all results, 
and a 60-grit abrasive seemed most 
satisfactory. Solid-rubber contact 
wheels of 50-durometer are better than 
steel wheels. Belt life is only about 
one-half of that obtained in grinding 
steel, and power consumption is much 
higher. AM—June 7 54, p163, 165, 
167 


Internal grinding of titanium Ti 150A 
can be performed most successfully 
with a Cincinnati No. 1140 wheel run 
at 4000 sfpm with a work speed of 75 
sfpm, using Cimcool Titan coolant, 
according to tests made by Cincinnati 
Milling. AM—lJune 21 °54, p125 


Titanium Ti 150A can be ground most 
effectively with a Cincinnati wheel 
No. 1182 and Cimcool Titan cutting 
fluid, according to cylindrical grinding 
tests made by Cincinnati Milling. 
Wheel speed was 3850 sfpm, work 
speed 75 sfpm, and surface finish was 
20 to 30 mu in. rms. Finish of 10 to 
15 mu in. can be obtained by peri- 
odically redressing wheel. AM—June 
21 °54, p124 


Titanium RC-130B can be ground 
with maximum economy by using a 
wheel speed of 5000 sfpm, a work 
speed of 75 sfpm, and a traverse rate 
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of 40 to 50 ipm, according to tests 
run by Cincinnati Milling. Best per- 
formance is obtained with material 
hardness of Rc 35 to 38. AM—June 
21 °54, p124 


Grinding is difficult, or impossible, on 
soft tantalum and columbium, but can 
be done on hardened material with 
silicon-carbide wheels: Carborundum 
120-T for roughing, 120-R to 150-R 
for finishing (or equivalent from other 
maker). Loading is rapid and worse 
than copper. Wheel must be dressed 
often and flooded with soluble-oil 
coolant. AM—April 12 °54, p196 


Powder-metal parts may be finished by 
grinding, provided they do not in- 
volve bearing surfaces, because grind- 
ing tends to close the pores in the 
metal. Where porosity is not a re- 
quirement, and for especially hard 
metals, such as Super-Oilite-16 and 
Railite, grinding may be done. Hard, 
fine wheels run at conventional speeds 
and light feeds are recommended. Use 
light oil to flush away abrasive parti- 
cles. AM—April 26 ’54, p104 


SAE 4340 steel heat treated above 
260,000 psi requires special attention 
to prevent cracking or build-up of 
residual stresses. Grinding is slower 
than normal and requires special 
training of operators. Operation must 
be followed by baking and shot peen- 
ing. For fine finishes, honing, lapping, 
or polishing are preferable to grinding. 
AM—July 5 ’54, p135 


Grinding . . general 


Size control on Mipsa Etamic grinder 
is sO sensitive that score marks in sur- 
face below size will shut off machine. 
AM—Aug 17 ’53, p98 


When you have trouble with grinding, 
you may find the answer to poor 
finish, out of roundness, taper, or siz- 
ing trouble in this check sheet. AM— 
Aug 17 °53, p143 


Production grinders of modern de- 
sign are capable of turning out from 
30 to 100% move work than those 
of ten years ago, with higher accuracy 
and improved finish. Tool and cutter 
grinders have improved 25%, drill 
grinders 20% and floorstand grinders 
50% in productivity. AM—Mid-Nov 
*53, pB15 
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GRINDING CHUCK made from Jacobs 
key-operated spindle-nose chuck, using Rub- 
berflex collets, has special adapter shank to 
fit grinder spindle. Intermediate plate per- 
mits slight adjustment to true up chuck at 
installation. Unit saves 25 min per setup. 


AM—Nov 9 '53, p62 


Journals of large diesel crankshafts at 
Mirrlees, Bickerton & Day, Ltd, 
England, are finish ground to toler- 
ance of 0.0005 in., which requires 
skilled operator, unlike finish turning 
where the machine determines the ac- 
curacy. AM—Mar 15 ’54, p159 


Hydraulic-turbine dental handpiece 
developed by National Bureau of 
Standards operates at 61,000 rpm and 
can be used for fine grinding in tool 


and die making. Very low cutting 
pressure is required, and hard mate- 
rials can be cut with minimum vibra- 
tion and heating. AM—July 5 °54, p97 


Concentricity and squareness of tank- 
engine cylinder bore and flange faces 
is insured by attaching hardened and 
ground steel locating plate before con- 
tour-grinding bore and chamfering 
ID. Plate remains in place while flange 
face and pilot dia are ground, and 
serves to control dimension from 
flange to rocker-cover face within 
0.002 in. AM—July 19 °54, p125 


Slots in valve rocker arms are ground 
10 at a time on a Thompson machine, 
one fixture being loaded while the 
other is in the machine. Slots are 
0.312 in. wide, plus or minus 0.001 
in. Material is SAE 8640, heat treated 
to R, 30-33. Stock removal is 0.015 
in. with 12-in. wheel running at 6000 
sfpm. AM—July 19 ’54, p126 
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MICROSWITCH wired in series with spindle-motor switch prevents starting grinder unless 
permanent-magnet chuck lever is in "On" position. AM—Sept 14 ‘53, pI7I 
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TURBINE BUCKETS ARE GROUND ON A PLAIN CYLINDRICAL GRINDER with a cam: 


grinding attachment. 

















Three buckets are nested in a special fixture and the back profile 


ground from the rough. First grind removes 0.040 in. and finishing cut removes 0.006 in. from 


the dia. 
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Production rate for both cuts is 180 pieces per hr. AM—May !0 ‘54, pI5! 
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TWO-DIMENSIONAL grinding dynamom- 
eter developed at MIT for use on a surface 
or belt grinder. Measuring element is an 
extended octagonal ring, measurements 
being independent of position of load appli- 
cation. A similar arrangement can be 
applied to milling, planing and shaping 
dynamometers. AM—May |0 ‘54, p!l27 


Optimum location for two precision 
grinders at Parker Appliance plant 
was determined by a seismograph op- 
erated by experts from John Carroll 
University. Measurements were made 
in several directions with the plant run- 
ning at normal production. One loca- 
tion showed fairly heavy, constant 
vibration and was rejected; another 
was entirely suitable except when a 
heavy press was running. This was 
selected with the proviso that the 
grinders should not be run when the 
press was operating. In this spot, spe- 
cial mountings estimated at $3000 per 
machine could be avoided. The cost 
of the seismographic survey came to 
less than $500. AM—April 12 ’54, 
p209 


GEAR CUTTING 
Hobbing 


Splines are hobbed on opposite ends 
of torsion spring bars by two ma- 
chines on opposite sides of transfer 
rails set at spindle height. Carriages 
on rails shift the bars into the spin- 
dles. AM—Aug 3 °53, p117 


To avoid distortion troubles, hobber 
centers are reset with torque wrench 
for each workpiece when hobbing 
splines on torsion bar springs. AM— 
Aug 3 °53, pl17 


Special tooth form is hobbed on 
Barber-Colman machine equipped 
with selected gears to hold extreme 
accuracy. Total composite error on 
360° rotation cannot exceed 0.0002 
in. full indicator reading. AM—Aug 
17 °53, p98 
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Single-spindle, high-speed hobber can 
produce 50% as many gears as an 
8-spindle machine, so two single- 
spindle machines are employed at 
Ford for making transmission gears. 
Manpower requirements are reduced, 
and there is less loss of production 
caused by machine downtime. AM— 
Oct 12 °53, p144 


Ring gears are hobbed 20 at a time 
by clamping in finished ID on a spe- 
cial floating expanding mandrel. 
Normal vibrations in ID are compen- 
sated for by float, so positive locking 
is assured and accuracy is high. AM 
—Oct 12 ’53, p146 


Conventional hobbing machine for 
spurs, helicals, and splines can also 
generate multiple-thread worms by 
using special 90° hob swivel and re- 
stricting the worm to three or more 
threads. Two thread worms or less 


require index-worm speed in excess _ 


of safe speed. AM—Mar 29 ’54, p99 


High-speed hobbing machine can op- 
erate at hob spindle speed up to 1000 
rpm with HSS hobs. Speed-change 
gears seldom need to be changed. In- 
finitely variable hydraulic feed elimi- 
nates feed-change gears. Machine is 


CONTACT RATIOS for undercut gear 
teeth can be determined by formulas. Chart 
shows scale distance to start of undercut. 


AM—Jan 18 '54, p270, 271 


HOB TRAVEL on high-speed hobber is re- 
duced by all but |/16 in. of approach feed 
by plunge feeding hob to correct depth. 
Hydraulic traverse feed moves work past 
hob to completion of cut. On conventional 
machine, approach travel may be restricted 
by proximity of shoulders. AM—Mar 29 
54, p99 


designed specifically for high-produc- 
tion requirements. AM—Mar 29 ’54, 
p99 


Hobbed gears usually require accuracy 
to tenths of thousandths for tooth-to- 
tooth spacing, lead, profile, and pitcb- 
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line concentricity. Such accuracy can- 
not be achieved unless faces of blank 
are parallel and square with ID. OD 
and ID must be concentric, material 
must be metallurgically consistent, and 
machine must be in excellent over-all 
condition. AM—Mar 29 °54, p100 


HELICAL OR STRAIGHT cam 
mounted on work spindle eliminates need 
for timed relation between index and feed 
gears that exists on conventional hobbers. 
Guide is a practical means of controlling 
lead uniformity on high-production runs. 
AM—Mar 29 '54, p/00 


guide 


Miniature gears are hobbed within 
0.0003-in. total indicator reading by 
using a two-piece adapter which as- 
sembles to the machine arbor with a 
drawscrew. Split adapter can be 
shifted to correct for eccentricity, then 
tightened. AM—June 21 °54, p119 


A new method is presented for com- 
puting hob oversize for worm gear 
hobbing to attain eased-off tooth ends. 
It shows up changes that occur when 
hob diameter is reduced by sharpen- 
ing, and points out a requirement in 
relieving hobs so they continue to pro- 
duce the same pressure angle through- 
out their lives. AM—June 21 ’54, 
pl49 


Difficulties in computing exact worm 
thread profiles for making a hob can 
be overcome by mathematical compu- 
tation and the application of a nomo- 
graph to avoid solving equations. AM 
—July 5 °54, p113 


Tests made by Gould & Eberhardt to 
evaluate the Wildhaber formulas (AM 
—June 21 ’54, p149) as to the effects 
on wormgears of setting on size, over- 
size, and undersize indicate that lead 
should be lengthened on the coast side. 
AM—July 5 ’54, p166 


Gear shaving 


Modified underpass gear shaving de- 
velops improved shaving action be- 
cause direction of feed is oblique. 
This permits the use of a narrower 
cutter as compared with the full un- 
derpass method. In transverse shaving, 
the direction of feed is parallel to 
the work axis, permitting a still nar- 
rower tool. AM—Mar 29 °54, p103 


IN ROTARY SHAVING, the rack is replaced 
by a serrated gear whose axis is set at an 
angle to that of the work. In underpass 
shaving, direction of stroke is at right angles 
to work axis. This method is used for 
clearing interfering shoulders. Note how 
pivot point advances across work normal to 


feed direction. AM—Mar 29 '54, p102 
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SHAVING is a low-cost operation for im- 
proving finish, tooth spacing, and form of 
gear teeth. Principle is that of rolling a 
spur gear along a helical rack, or a helical 
gear along a straight rack. As gear rolls 
from position A to position B, it tends to 
roll off the rack. By confining it to the rack 
to reach position C, it is forced to slide 
axially. Teeth of rack are serrated and 
downward pressure is applied, so shearing 
occurs on gear. AM—Mar 29 ‘54, p102 


Gear shaping 


Gear shaping is generally a slower 
process than hobbing, but is the only 
practicable method of cutting internal 
gears and those with close adjacent 
shoulders. Gear shapers can handle 
spur, helical, internal, external, and 
many non-involute forms. With spe- 
cial attachments, eccentric gears and 
segments, as well as face gears can be 
produced. If a form can be generated, 
it can be produced on a gear shaper. 
For helical gears, a spiral guide must 
be provided. AM—Mar 29 °54, p100 


GEAR SHAVING MACHINE at John Brown & Co, Ltd, Clydebank, Scotland, weighs 130 


tons, can accommodate 200-in., 100-ton marine turbine gears. 


Built by David Brown, Man- 


chester, machine can be used as a testing bed to determine tooth marking without removing 
work from machine. Cutter head has brake on each side to permit selective shaving. AM— 


Jan 4 '54, pl35 
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Cutters tor gear shapers must have 
three rake angles; the 5° face cutting 
angle and the 2° side clearance angles 
being usually fixed. The top angle 
varies with the gear pressure angle 
to maintain full tooth depth consistent 
to tooth thickness throughout cutter 
life. Cutter is sharpened only on 5° 
face angle. See illustration under Tool- 
ing. AM—Mar 29 ’°54, p101 


Bevel gear cutting 


High production of Coniflex gears is 
possible on new automatic Gleason 
machine. Gears so cut are interchange- 
able with those cut on two-tool ma- 
chines. Disk-type cutters are sharp- 
ened on special machine. AM—Sept 
28 °53, p174 


Bevel gear pinions for Ford differen- 
tials are cut on an automatic Gleason 
machine equipped with automatic 
chucking and unchucking mechanism, 
loaded from a fixture with a capacity 
of 57 gears. Operator handles five ma- 
chines. AM—Oct 12 ’53, p135 


Bevel gears in small lots can be gene- 
rated on a shaper by use of a special 
combination of standard universal 
dividing head and a rotary table. 
Change gears between the two estab- 
lish the desired ratio of rotation to 
conform to the particular cone-pitch 
angle of the gear blank. AM—Mar 1 
54, p122 


Gear cutting . . general 


Gear cutter developed in South Africa 
can cut 16 pinions, 5 in. in dia, in 
banks of four around cutter; can also 
cut 40-in. gear on one side, 30-in. 
gear cn other. AM—Oct 12 ’53, p105 


Major developments in gear-cutting 
equipment have been higher speeds 
(in one hobber, particulariy), auto- 
matic loading and cycling, and multi- 
plication of spindles. Gear shapers 
are producing about 25% more than 
those of ten years ago, 900% on multi- 
spindle machines. Bevel-gear gene- 
rators are producing up to 900% 
more. Hypoid finishers are up to 
700% better. Diagonal shaving has 
reduced shaving time 50%. AM— 
Mid-Nov °53, pB20 


Gear teeth can be burred and cham- 
fered on new machine that will round, 
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point, or chamfer the tooth ends, or 
mill any desired contour on the ends. 
Single or double machines are avail- 
able to handle spur, helical or bevel 
gears up to 13 in. in dia at 300 teeth 
per min. AM—Dec 7 ’53, p193 


SHEAR-SPEED METHOD of gear cutting re- 
quires a cutter which operates on all teeth 
simultaneously. For each tooth space 
there is a separate, tooth-shaped blade. 
During cutting cycle, work reciprocates ver- 
tically, and each blade takes its own cut. 
After each cutting stroke, blades retract 
slightly, then feed out for new cut. Because 
of cost of tooling, this method should be 
considered only for high-speed, high-produc- 
tion work. AM—Mar 29 ‘54, pl0I 


New process of cold-rolling gears and 
splines in steel blanks outperforms 
two eight-spindle rotary hobbers in 
production of rear axle shafts. Devel- 
oped by Ben Grob Corp, Detroit, 
process can be applied to some 
bronzes, as well as gear and tool steels. 
See under Form Rolling. 4M—June 
21 °54, p169 


Splines, serrations, and similar shapes 
are rolled on shafts with new Roto- 
Flo machine developed by Michigan 
Tool Co. Process is faster than hob- 
bing, produces stronger teeth, and will 
produce a finish of 3 to 6 mu in. and 
an accuracy within 0.0008 in. over 
pins. See under Form Rolling. AM— 
June 21 °54, p2, 180 


Automatic control of gear cutting and 
finishing machines is made possible by 
a redesign of Michigan Tool Co’s 
three-way gear selector. Original ma- 
chine graded and separated finished 


gears into correct, oversize, and un- 
dersize classifications. The new devel- 
opment, which can be applied to 
shapers, hobbers, and finishers, auto- 
matically readjusts the machine any 
time an oversize or undersize gear 
comes off it. AM—July 19 °54, p101 


BROACHING 


Adjustable broaching fixture permits 
regulating the amount of stock to be 
removed from Ford connecting rods 
to match weight against master. Auto- 
matic grading device divides rods into 
eight categories prior to broaching. 
AM—Oct 12 ’53, p143 


COMMUTATOR SLOTS are broached 28 at 
a time in a special setup on a punch press 
at Ford. Earlier method was to mill each 
slot individually, involving load, feed, index, 
and unload. AM—Oct 12 '53, p130 


Broaching setup roughs and semi- 
finishes the width of Ford connecting 
rod caps by centralizing them auto- 
matically before taking the cut. AM 
—Oct 12 ’53, p150 


Major outside faces of Ford cylinder 
blocks are broached on continuous, 
inline machine to an accuracy that 
eliminates the need for later finishing. 
AM—Oct 12 ’53, p151 


When you’re having broaching trouble, 
it may not be the fault of the broach. 
Here’s a check list to help locate the 
trouble, and hints on how to cure it. 
AM—Oct 26 ’°53, p155 


Broaching speeds are increasing, and 
carbide tooling is becoming more gen- 
eral. Improved design of machines and 
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tools are increasing productivity up to 
100% over ten-year-old machines. 
AM—Mid-Nov ’53, pB23 


Single-ram, horizontal, 180-in.-stroke 
Lapointe machine broaches slots in 
P & W turbine and compressor wheels 
in one continuous pass, avoiding the 
work hardening that occurs if gutting 
and forming are done separately. Ma- 
chine has de motor coupled through 
gear reducer to herringbone and 
spiral-bevel-gear drive to avoid pulsa- 
tion and vibration. Speed is 80 to 100 
fpm with HSS tools; 200 fpm with 
carbide. AM—Dec 7 °53, p2 


Broaches for sizing small holes are 
made from scrapped reamers at Tem- 
co Aircraft. Reamer is ground to cor- 
rect size on a cylindrical grinder 
(Y%- or %-in. reamer for a %-in. 
broach). Then four 2-tpi lands are 
ground on a thread grinder. Each has 
45° secondary clearance, 7° primary 
clearance. Taper is 0.001 in. per in., 
except for top inch which is straight 
to provide burnishing action. AM— 
Feb 1 °54, p137 


Successful broaching of titanium de- 
pends on extreme rigidity of machine 
and setup, and on the cutting fluid 
employed. CO2 often works well, but 
water-soluble oils may be even better. 
Sometimes, straight oil is best. Con- 
siderable experimental work is needed 
to establish optimum fluid, but lowest 
possible tool temperature is essential 
for successful performance. AM— 
Sept 14 °53, p129 


Tests on titanium at Univ of Mich 
indicate that broaching tools should 
have a rake angle of 5°, relief angle 
of 5°. Rise per tooth of 0.002 to 0.005 
in. is good, except on Ti-150B, when 
0.002 is better than 0.005 in. Finishes 
thus produced are better than these 
for steel, particularly good on RC- 
130B. AM—Feb 15 °54, p177 


Broaching can be performed by elec- 
trical-discharge machining. The lower 
half of the electrode is stepped down 
about 0.002 in. by deplating. After 
the initial undersize hole has been 
sunk through the work, controls are 
adjusted to fine finish and the full-size 
part of the electrode advanced to clean 
up the hole to finish size, as in stand- 
ard broaching. AM—Mar 15 ’54, 
pl44 


Female tri-lobe contours are produced 
by broaching, the broaches themselves 
being ground on the machine em- 
ployed for grinding the male mating 
contour. Five roughing and one finish- 
ing broaches are employed, the finisher 
being the only one which contacts all 
the way around. AM—May 10 °54, 
p152 


Tongues, grooves, contact faces, and 
nut seats are rough broached in con- 
necting rods and caps for tank engines 
on double-ram La Pointe machines. 
Same surfaces are finish broached in 
both parts simultaneously on Ameri- 
can single-ram, two-station machine. 
Parts are SAE 8645 forgings hardened 
to 269-302 Bhn. AM—July 19 °54, 
p125 


Blind holes are broached on a Denni- 
son Multi-Press with 11 inverted 
broaches which progressively form an 
involute splined hole ending in a 
shoulder in the bore of a bevel and 
spur gear. Shoulder prevents the use 
of conventional broaches. Work is 
held in jaws on ram by hydraulic 
clamp, and a pilot on ram enters 
broach-holding fixture on _ table. 
Broaches are keyed to fixture for 
radial alignment, and coolant is fed 
through them to reach cutting sur- 
faces. AM—July 19 ’54, p126 


TAPPING AND 
THREADING 


Special tapping machines 


Tapping, sawing, and crimping of heat 
indicator frames at Ford was formerly 
done by six men on a two-shift basis, 
using standard equipment. New, auto- 
matic equipment turns out two frames 
per cycle and requires only one oper- 
ator for one shift. Quality is improved 
so rejections at assembly are virtually 
nil. AM—Oct 12 °53, p142 


Special indexing machine performs 
seven operations, including drilling, 
tapping, counterboring, and spotfac- 
ing at Ford plant. Operation was 
formerly performed on seven drill- 
presses, with work passed from one 
machine to another. AM—Oct 12 ’53, 
p138 


Excessive tap breakage on a proto- 
type Indexomatic machine built by 
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Gilman Engineering Co caused engi- 
neers considerable concern. To dis- 
cover the cause, high-speed motion 
pictures were taken (3000 frames per 
sec) and projected at slow speed. 
Measurements made from individual 
frames revealed that cause lay in stall- 
ing tendencies of drive motors and 
insufficient chip clearance on taps. 
Corrective design changes were then 
made. AM—June 7 °54, p156 


Automatic transfer machine with 10 
stations and 15 fixtures drills 15 holes, 
reams 9, countersinks 12, taps 13, 
and spotfaces a pad on a Ford fly- 
wheel housing, using two operators. 
Old setup of multi-spindle drillpresses 
required five operators. AM—Oct 12 
°53, pl44 


Holes to be tapped on a German trans- 
fer machine are gaged for depth auto- 
matically and chips are removed by 
vacuum system. If any hole is not to 
correct depth, the machine will stop. 
Taps are cleaned of chips by a spray 
of compressed air and oil. M—July 
31 °54, p1341 


DOUBLE OPPOSED-SPINDLE DRILL taps 
holes in steel channel two at a time. Two 
heads are mounted on a single column in 
horizontal position, and feed levers linked 
mechanically for operation by ore man. 
Rollers quid» stock and permit operator to 
align work by eye. AM—Dec 7 ‘53, pl49 


Both ends of railroad axles are 
countersunk, drilled, and tapped simul- 
taneously on special two-way Baker 
automatic unit. Loading, chucking, 
transfer, and ejection are automatic, 
and cycle time is 4 min. AM—Jan 4 
54, p130 
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Tapping coolants 


Mist cooling is generally effective on 
tapping operations. Nozzles may be 
single tubes or round manifolds en- 
circling the tap. For tapping brass, 
one company reports a consumption 
of only 12 oz of kerosene in 40 hr 
of operation. AM—Sept 14 °53, p151 


Clean, untorn threads were produced 
for the first time on a job running on 
an automatic when coconut oil was 
applied from a squirt can after the 
machine's coolant system broke down. 
Oil was used by operator to protect 
himself from dermatitis caused by the 
coolant. AM—Mar 1 °54, p137 


Tapping special materials 


Three-fluted taps with 25° rake angle 
on the cutting edge give excellent re- 
sults on aluminum, stainless, and other 
materials. AM—Sept 28 53, p133 


For short-thead tapping of brass and 
aluminum, taps are held in perfect 
alignment with work axis by mount- 
ing solidly in threading attachment of 
5-spindle automatic. Lead is controlled 
by machine. AM—Nov 9 °53, p115 


Stainless steel valve bodies (Type 316) 
are tapped on a Gisholt 2L saddle- 
type turret lathe. Accuracy is main- 
tained by a special tap with a leader 
and follower. AM—Oct 26 °53, p2 


Tapped holes can be produced in 
hardened tool steel, carbide, and other 
hard materials by electrical-discharge 
machining, using a tap made of brass 
as the tool. AM—Mar 15 ’54, p144 


Tapping is easily performed on 
powder-metal parts with standard 
carbide taps, using conventional tap- 
drill sizes for 75% thread depth. If 
difficulties are encountered, increase 
tap relief to nearly twice that used 
for conventional ferrous materials. 
AM—April 26 °54, p103 


Tapping is most critical machining 
operation in titanium because of work 
hardening of walls of hole during 
drilling. Return torque is often several 
times tapping torque and frequently 
causes tap breakage. Seemingly minor 
changes in cutting fluid result in con- 
siderable variation in both cutting and 
return torque. AM—June 7 '54, p172 
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Tapping—Special Materials 

SAE 4340 steel heat treated above 
260,000 psi can be tapped 0.005 in. 
undersize before hardening. Holes can 
be enlarged to size with standard taps 
after hardening. AM—July 5 ’54, 
p135 


Tapping . . general 


You can save time and reduce tap 
breakage when a lot of holes have 
to be tapped in thin material, such 
as angle iron, by holding taps smaller 
than No. 10 in a special adapter in 
a ratchet screwdriver. For larger taps, 
make adapters to hold the taps in a 
carpenter’s brace. AM—Jan 4 ’54, 
p116 


For studies of tapping, milling, plan- 
ing, and shaping, a four-dimensional 
strain-gage dynamometer has _ been 
developed at MIT. Using four octag- 





FLAT-DIE ROLLING 


onal rings as measuring elements, it 
measures the three force components 
and the moment about the vertical 
axis. Measurements are independent 
of each other and of the position of 
load application. See illustration under 
Milling. AM—May 10 ’54, p127 


Special threading machines 


Threading machine cuts threads on 
both ends of oilwell casing. Opera- 
tion, including loading and unloading, 
is fully automatic. Time is 75 sec per 
piece. AM—Sept 14 °53, p130 


External threads, up to four starts, are 
rolled on lens components on 5-spindle 
automatics to extremely fine toler- 
ances. Max. end play 0.0027 in. be- 
tween mating parts. Machines provide 
close control of turned diameter; thus, 
hold PD within tolerance. AM—Nov 
9 °53, pl15 


THREAD ROLLING 














Slivers or flakes 
. Tipped start, or 


ing, or 
9. Seamy stock 


. Dies not in match, or 


. Deep cross-nicking on dies, or 
. Slipping at start, or 
. Improper helix angle on dies, or 
. Machine and dies too large and 
clumsy for the job, or 
7. Overfilling dies, or 
8. Material not adaptable to coldwork- 


1, Dies not in match, or 

2. Crooked feeding, or 

3. Overfilling dies, or 

4. Material not adaptable to cold- 
working, or 

5. Seamy stock 





. Tipped start, or 


. Inaccurate dies 


1. Dies not in match, or 


Crooked relief on dies, or 
4. Slipping at start, or 
5. Improper helix angle on dies, or 
6. 


1. Dies not in match, or 
2. Crooked feeding, or 
3. Inaccurate dies 





Offsize threads: 
1, PD and OD both oversize 
2. PD oversize, OD right 


Oversize blanks 
3. PD oversize, OD under- Insufficie: 


4. PD right size, OD over- 
size necessa: 
5. PD right size, OD under- 


6. PD undersize, OD over- 

than neecssa: 
7. PD undersize, OD right 

size necessa: 

h PD and OD both under- Blank too small 

size 


Oversize blanks. If finished thread is 
size full, die thread is too shallow 

int squeeze on dies. If finished 
thread is full, die thread is too shallow 


Blank too large. Die thread deeper than 

Blank too small. If finished thread is 
full, die thread is too shallow 

Too much squeeze. Die thread deepér 


ry 
Blank too small. Die thread deeper than 


Oversize blanks 

Oversize blanks. If finished thread is 
full, die thread is too shallow 

Insufficient squeeze on dies. If fin- 
ished thread is full, die thread is too 
shallow 

Blank too large. Die thread deeper 
than necessa 

Blank too small. If finished thread 
is full, die thread is too shallow 

Too much squeeze. Die thread deep- 
er than necessary 

Blank too small. Die thread deeper 
than necessary 

Blank too small 





Out of round 
dies, or 


die, or 


start, or 


working 


1. Out-of-round blank, or 
2. Too much pressure on finish end of 


3. Poor thread form on the relief of the 

4. Dies too short for the job, or 

5. If thread is full on one side and not 
on the other, poor match or crooked 


6. Material not ductile enough for cold- 


~~ 4, Out-of-round blank, or 
2. Crooke@ feeding, or 


3. Too rapid penetration and release, 


r 
4. Material not ductile enough ‘for 
coldworking 





Taper: | 
1. PD straight, OD tapered | Tapered blank 
| 


and not filled out on small 





ni 

2. PD and OD both tapered 
same way 

3. PD and OD tapered in op- 
posite directions and thread || 
tot filled out on end with | 
small OD || 


| taper to match 


Tapered blank, and dies set up with 


Dies not squeezed tight enough on edge 
with large PD and small OD 


Tapered blank 


Tapered blank, and dies set up with 
taper to match 

Dies not squeezed tight enough on 
edge with large PD and small OD 





Thread with expanded lead 


. Expanded lead in the dies 


Expanded lead in the dies 





Thread with contracted lead 


| 


| work, use dies with expanded lead 


i} 


1, Contracted lead in dies 
2. Hard material (Rockwell. 18 and 


1. Contracted lead in dies 

2. Hard material (Rockwell, 18 
and harder) will contract slightly 
when released from rolling dies. For 
accurate work, use dies with expanded 
lead 








*Taken from “Engineering Data on Thread and Roll Forming,” a copyrighted publication of the author’s company. 
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Thread rolling 


Thread roller is employed by Ford to 
square valve heads, straighten the 
stem, reduce stem taper to a minimum, 
and eliminate stem grinding. AM— 
Oct 12 ’53, p134 


Additional items and charts below and 
on facing page. 


Threading . . general 


All types of threading machines show 
notable production increases over 
those of ten years ago. Carbide-tipped 
chasers permit great speed increases. 
Thread rollers can turn out Class 4 
threads at 900 pieces per hour. Knurl- 
ing is also done on thread rollers to a 
tolerance of 0.001 in. AM—Mid-Nov 
"53, pB21 


TROUBLE CHECK CHART 


Rough 
“lot chip 


Smooth 
curled chip-- 


Grinding 
whee/ 


‘ 
, 


SINGLE-POINT THREADING TOOLS will 
cut cleaner and last longer if a V-channeled 
chip-breaker is ground in the top face. For 
a %-in. toolbit, grinding can be done with 
a 3-in. wheel having a |/p-in. face beveled 
each side of center at about 12°. AM— 
Dec 7 ‘53, plés 





CYLINDRICAL-DIE ROLLING 





clumay for the job 


start, o 
4. Machine and dice too \large and 


1. Pocr thread form in the dies, or 
2. Dies not in match, or 
3. Crooked feeding 





. Line running axially down | 
one side | 
end, or 


sure at finish end, or 


1. Insufficient relief on the stationary 
die and too much pressure on the finish 


2. Not gradual enough release ot pres- 
3. Di Dies too short for the job 








Thread filled out in center 
but not at ends, or vice versa 


end to end 


1. Face of die not flat, or 
2. Blank with sna diameter from 


1. Die with varying diameter from 
end to end, or 

2. Blank with varying diameter from 
end to end 








End threads not filled out 
blanks 


This is characteristic of thread rolling 
but can be minimized by beveling ends of 


This is characteristic of thread roll- 
ing—but can be minimized by beveling 
ends of blanks. Can be somewhat im- 
proved by longer, slower penetration 
cycle 








1. Seamy stock, or 
at finish end, or 


2. Too much pressure on dies, usually 
3. Dies too short for the job 


1. Seamy stock, or 
2. Too much pressure on dies 








Poor finish on thread 
or 


. Slipping, or 


working 


1. Correspondingly poor finish on dies, 


. Dies that are worn out or broken, or 
. Dies not in match, or 


. Deep cross-nicking on start, or 
. Material not ductile enough for cold- 


1. Correspondingly poor finish on 
dies, or 

2. Dies that are worn out or broken, 
or 

3. Dies not in match, or 

4. Material not ductile enough for 
coldworking 








Crests not filled out. Many 
users do not consider this a 
serious objection, and by al- 
lowing their screws to pass 
with crests not filled out, 
overloading of dies is avoided 
and die life is prolonged 














1, Blank too small, or 
2. Die thread too deep 


1. Blank too small, or 

2. Die thread too deep. Can be some- 
what improved by longer, slower pene- 
tration cycle 











Scuffed crests wo-ylin- | 
Grical-die type only) } 





Hollow work hole closes in || 





Hollow work, hole enlarged | 


1. Rough work support blade 
2. Soft work support table 
3. Improper oiling 


1. Needs supporting arbor 
2. Penetration rate too rapid 


+1. Arbor too tight 
2. Penetration rate too rapid 
3. Blank too large on OD 

















Hollow work, out of round 


1, Penetration rate too rapid 

2. Too ttle dwell with dies fully 
closed 

.3. Too rapid opening of die 





Hollow work, tapered thread | 
due to uneven wall! thickness 
or support from an adjacent 
section 


1. Improper arbor, not giving sup- 
port where needed 
2. Penetration rate too rapid 
3. Taper of dies not great enough to 
for y of work to 





taper, 0 
"Too thin wall thickness 
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Acrylic plastics can be threaded and 
tapped with the tools used for brass, 
but threads should be rounded to 
avoid angles where cracks may start. 
Use heavy, coarse threads. Threading 
is not recommended for heavy loads. 
Where frequent disassembly is re- 
quired, use a metal insert. Keep ma- 
terial cool, and back out frequently to 
clear chips. Use a coolant for power 
operations, and about the same speed 
as for brass. AM—Feb 1 °54, p120 


Thread grinding produced burrs be- 
cause oil was too hot, surface finish 
was poor because of contaminated oil. 
Installation of large coolant reservoir 
and filtration system saves $206 week- 
ly in oil and cleaning time, reduced 
wheel dressing 50%, increased pro- 
duction 30%, improved all-over op- 
eration 75%. AM—Dec 7 °53, p127 


Double-lead threads can be cut with- 
out an index faceplate or indexing 
the stud gear by applying the formula: 
cot 30 X (p/2 + f) +- sec 30 X h—C. 
C is crossfeed adjustment; p is thread 
pitch; f, width of flat; h, single thread 
depth. After cutting first thread, back 
out tool with compound rest, leaving 
crossfeed dial at zero. Then move 
crossfeed amount found by formula. 
For internal threads, run compound in 
three or four revs, back out cross- 
feed amount found by formula. AM 
—Jan 4 °54, p117 








Aluminum Alloy 
Brass and Bronze 


10-15 Carbon 

30-50 Carbon 

30-50 Carbon or Alloy 

30-50 Carbon or Alloy 

30-50 Carbon or Alloy 

Stainless, Chrome- 
Nickel Alloy (300 
Series) 


60-80 
Stainless, Chrome 
Alloy (400 Series) 40-60 











BLANKS for thread rolling must be smaller 
in diameter than the major dia of the fin- 
ished thread. The exact size is important for 
accurate results and is governed by many 
factors, including thread length, material, 
and hardness. Tables are given to establish 
the proper size. AM—Dec 7 '53, pI73, 175 


THREAD-ROLLING. Trouble Check List. 
AM—Nov 23 ‘53, pl63, 165 
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Chart for threading time 


This s based on the equation: 
T=LX&NX C+R where T = time to cut 
thread, min. L = thread length, in. N = num- 
ber of threads per inch C = number of cuts 
need R = spindle speed 
EXAMPLE: How | it take to cut a 
thread 5 in. long with a single-point tool, 
if the thread is 6 pitch, two cuts are required 
and the spindle speed is 100 rpm? Neglect 
tool-p i 


chart 


rom 


ong w 


ning time 


SAE 4340 steel heat treated above 
260,000 psi can be threaded with 
single-point carbide tools at relatively 
high cutting rates, but tools must be 
inspected for chipping after each cut. 
For satisfactory results, external 
threads must have a diameter greater 
than '2-in. Internal threads must have 
a minimum diameter of 1% in., with 
12 te 24 threads per inch in either 
case. AM—July 5 °54, p135 
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SOLUTION: Enter chart at 5-in. thread 
length on L-H scale and draw a line to 6 tpi 
on R-H scale. From intersection with pivot 
line A, draw a line to 2 cuts on appropriate 
scale. From intersection of this line with 
pivot line B draw a third line to 100 rpm on 
the spindle-speed scale. From the intersec- 
tion with the time scale, read 0.6 min. as 
required time. AM—Mar | ‘53, p135 


Pipe threading machine has limit 
switches to prevent accidents. One 
switch is in pipe collar on head just 
behind chuck, and is in series with the 
motor circuit. Chuck wrench must be 
placed in V-slot of collar so it de- 
presses switch to close motor circuit. 
Second switch is mounted next to head 
in path of a bar mounted on diehead 
slide, so dies cannot run into chuck. 
AM—Mar 15 ’54, p151 


PLANING AND SHAPING 


Contour planing is performed on a 
Rockford Kopy-Kat machine. Master 
is made from modified plaster, work- 
piece is 0.45 carbon steel. Stylus trans- 
fers the form directly to the tool head 
through a hydraulic duplicator. Con- 
vex amd concave surfaces are ma- 
chined in one setup to tolerances of 
a few thousandths. Finishing is limited 
to a light polishing operation. AM— 
Aug 17 °53, p2 


Soft carbide tool (Grade K1) applied 
to old planer permits feed increases 
from 1/64 in. to 3/32 in. AM—Nov 
9 °53, p122 


Average productivity increase on 
planers is about 80% over those of 
ten years ago. Carbide tooling is 
chiefly responsible. Speeds have in- 
creased to 300 fpm, with adjustable- 
voltage mg sets and dynamic braking 
replacing old dc motor drives. Shaper 
productivity is up about 20% with 
carbide tools, but carbides are on only 
about 20% of jobs. AM—Mid-Nov 
53, pB22 


For shaping operations on powder- 
metal parts, carbide tools should be 
of the same design as for turning, 
except that heel relief angle many be 
reduced to 2° if feeds are too coarse 
to provide a smooth surface. AM— 
April 26 ’54, p103 


Cutting forces in planing and shaping 
can be determined with a high degree 
of accuracy by a strain-gage dynam- 
ometer developed at MIT. A _ two- 
dimensional type is simply an extended 
octagonal ring, measurements being 
independent of position of load appli- 
cation. See illustration under Grind- 
ing. AM—May 10 °54, p127 


For studies of planing, shaping, mill- 
ing, and tapping, a four-dimensional 
strain-gage dynamometer has been 
developed at MIT. Using four octag- 
onal rings as measuring elements, it 
measures the three force components 
and the moment about the vertical 
axis. Measurements are independent 
of each other and of the position of 
load application. See illustration under 
Milling. AM—May 10 54, p127 


Said to be the largest on the West 
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Coast, a heavy-duty, high-speed, open- 
side planer, 120-in.x120-in.x30-ft, has 
been built by G A Gray Co for Beth- 
lehem Pacific Coast Steel Co. Ma- 
chine took two years to build, weighs 
120 tons. AM—Mear 29 °54, p145 


BLADE-ROOT FILLET for axial-flow com- 
pressor blades of USAF's new propulsion 
wind tunnel is machined with special fix- 
ture on a planer, working from a master. 


AM—July 19 '54, pl42 


Planing cuts on 101-ft forgings for 
giant press columns are taken on 
standard planer with 36-ft travel in 
three stages. Overhanging ends are 
supported on buggies which travel on 
176-ft railroad track built under the 
planer table. Tracks are accurately 
leveled and aligned on steel ties 
grouted into shop floor. AM—July 19 
*54, p117 


Planer cuts on 101-ft-long press col- 
umns are taken with double HSS cut- 
ters working simultaneously to remove 
1 in. of metal from top, bottom, and 
edge surfaces. Table is powered by 
75-hp dc motor, and feeds at 32 sfpm. 


Cut is started from a crosswise groove 
made with a milling attachment 
mounted on the crossrail. AM—July 
19 ’54, p118 


Buggy for supporting overhung length 
of press columns during planing oper- 
ation is structural steel weldment, 
carefully stress-relieved. All four 
wheels are turned within +0.0005-in. 
dia and mounted on Timken roller 
bearings. After assembly, top surface 
of buggy is milled flat and level. Max 
load on each wheel is 20 tons when 
machining single column sections. 
Clamps are not necessary. 4M—July 
19 °54, p118 


SAWING AND 
CUTTING OFF 


Bandsawing 


New models of Walker-Turner and 
Delta bandsaws are equipped with 
rubber or Neoprene tires for greater 
saw gripping power. Tire is molded 
around a perforated steel backbone 
and has flutings on inside circum- 
ference. Any desired cutting speed 
can be employed without danger of 
the tire coming off or exploding. AM 
—Jan 18 °54, p105 


Band saws with 30- to 36-in. throats 
are preferable for cutting curves in 
acrylics. Speed should be between 
2300 and 5000 fpm, depending on 
work thickness; the thicker the mate- 
rial, the slower the speed. Too high 
a speed will cause overheating. Metal- 
cutting blades are better than wood- 
working types, and skip-tooth design, 
large-radius curves and straight cuts 


ROTOR BLADES for transonic compressor for USAF's wind tunnel at Tullohoma, Tenn, are 


profile-planed from 2700-lb forging to 1200-lb blade made of 12% chrome steel. 


July 19 '54, pl43 


AM— 
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TO MATCH UP THE ENDS of a bandsaw 
blade before butt-welding, twist the ends 
to bring the back of one blade end even 
with the front of the other. Hold them in 
alignment by hand and grind both ends 
flush. The result will be a perfectly matched 
joint, more accurate than most people can 
make by grinding and checking each end 
separately. AM—Mar |5 ‘54, p67 


will give best results. AM—Feb 1 °54, 
p116 


Keep band saw tires free from acrylic 
sawdust and masking-paper dust. Stiff- 
bristled brushes can be placed to con- 
tact tires and clean them as _ they 
revolve. Hold them with a light spring 
tension, so they will make contact, 
yet not wear the tires. AM—Feb 1 
54, p117 


Circular sawing 


Circular saws are best for straight 
cutting in acrylic plastics; jig saws 
for small-radius curves; band saws for 
large-radius curves and straight cuts 
in thick material. The thicker the 
stock, the fewer the teeth per in. 
Large saws are preferable to small 
ones, as they provide greater cooling 
time, stay sharp longer, and do not 
gum so readily. AM—Feb 1 ’54, p114 


For cutting off short lengths of ex- 
truded aluminum stock, a cutoff saw is 
mounted on an arbor in the spindle of 
a hand screw machine. Fixture 
mounted on cross slide has channel to 
guide stock and a fixed stop fastened 
to the machine bed. Stock is fed along 
channel to stop, then cross-feed ad- 
vanced by hand-lever. As stock moves 
toward saw, it is clamped in the chan- 
nel by spring-loaded shoe. 4M—Jan 
4 °54, p120 
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Bey hee 
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Cup Whee! Spring 
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Swoged 


SAW TOOTH DESIGN is important when 
cutting acrylics. Spring-set teeth are suitable 
for moderate thickness, swaged teeth for 
heaviest cutting. Side dress teeth to obtain 
@ good cut, and have all teeth of same 
height. Keep height of circular blades above 
table just slightly more than work thickness 
to avoid chipping. AM—Feb | ‘54, pI15 


Clearance D 1) —) 


Spring Set Dulled Very Dull 


No Clearance 
¥a/ 
= 


69 
Alternote Teeth ea 
\ \ 
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| 
Set Eoch Side | / 
Sh ae 
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e and titted 
= f i 
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each tooth 


TYPES OF CIRCULAR SAWS recommended 
for cutting acrylics. Holl: w-ground blades 
give smoothest cut but are suitable for thin 
material only. Carbide-tipped blades are 
highly efficient, require less sharpening. 
AM—Feb | ‘54, plI5 


Close fit of aircraft skin sections is as- 
sured by sawing skin off after attach- 
ment to stringers. Boeing-developed 
saw has four carbide teeth operating 
at 16,000 rpm, operates on a track 
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clamped to work. Blade is adjusted to 
leave 0.0002 in. of skin unsawn to 
avoid cutting into stringers. Teeth are 
adjusted so feather edge comes off 
with scrap piece. See illustration un- 
der Portable Tools. AM—July 5 °54, 
p142 


Mist cooling offers many advantages 
in both circular and band sawing. Saw 
life is increased, oil consumption 
greatly reduced, and smoke and 
splashing are eliminated. Installation 
in one plant paid for itself in 10 
weeks. AM—Sept 14 °53, p150 


Kitchen-faucet aerator attached to end 
of coolant supply line causes coolant 
to cling to blade and work on auto- 
matic saw. Fine chips may clog aera- 
tor, but this is easily cleaned. Tool life 
is substantially increased over that ob- 
tained with nonaerated coolant. AM 
—April 12 °54, p176 


Sawing & cutting off . . general 


Sawing, crimping, and tapping of heat 
indicator frames at Ford was formerly 
done by six men on a two-shift opera- 
tion, using standard equipment. New, 
automatic equipment turns out two 
frames per cycle and requires only 
one operator for one shift. Quality 
is improved so rejections at assembly 
are virtually nil. AM—Oct 12 ’53, 
p142 


Jig saws are not effective for cutting 
thick or multiple sheets of acrylics 
because stroke is short and blade gums 
up. Plastic may then soften and weld 
around blade. Even on thin stock, use 
a light feed and clear the teeth often. 
Wher blade stops cutting clean, back 
out, clear the chips, and allow mate- 
rial to cool. AM—Feb 1 °54, p117 


Zirconium can be cut by mechanical 
saws On a power hacksaw with a HSS 
tlade. Friction saws may be used but 
are not recommended where the large 
burr left by cutting would be ob- 
jectionable. AM—April 12 °54, p202 


Experiments with the new 3Mn Com- 
plex titanium alloy indicate that best 
results are obtained with slow speeds 
and heavy feeds, using carbon tetra- 
chloride coolant. The same applies to 
milling. Other machining operations 


are relatively easy if standard stainless 
steel procedures are followed. PE— 
July °54, p174 


Abrasive cutoff machine cuts tubing 
into 1- to 17-in. lengths at rate of 1000 
pieces per hr. Four tube-cutting lathes 
were formerly required to achieve 
same production. AM—Nov 23 ’53, 
pi25 


Knifing tools for trimming excess 
metal off spinnings at 1500 rpm are 
made by brazing standard %-in. 
Stellite toolbits into tubular handle. 
Impact breaks down other materials 
quickly, but Star J-metal lasts for 3 
months, or 9000 pieces. Similar tools 
do the spinning and the resurfacing 
of the steel forms. Material cut may 
be copper, brass, aluminum, or carbon 
steel. AM—Jan 18 '54, p273 
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CUTTING TEST SPECIMENS of rubber and 


other elastomeric materials can be per- 
formed with a tapered circular knife held in 
a lathe chuck. Pieces so cut are smooth 
and regular, and require no buffing. Band 
sawing is not suitable for such work. AM— 
Sept 14 '53, p135 


HONING AND LAPPING 


Cylinders up to 30 ft long can be 
honed in vertical position in three 
“takes” of up to 12 ft long in new 
Fulmer machine. Out-of-round is 
within 0.0001 in. Max. shoulder at 
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junction of honed sections is 0.00025 
in. AM—Aug 17 ’53, p154 


Better concentricity and heavier cuts 
improve productivity of honing ma- 
chines more than double that of ten 
years ago. New stones and higher 
speeds are chiefly responsible. Honing 
may eliminate some boring operations, 
and parts up to 30 ft long are being 
handled. New lapping machines are 
more accurate, faster, and require less 
maintenance. AM—Mid-Nov_ ’°53, 
pB18 


Contact fingers are honed in special 
fixture on drillpress with Alundum 
A60-RSUBE stones in 4 min. Earlier 
method of hand lapping with Bon 
Ami took 15 to 20 min. Vertical recip- 
rocation of table is obtained with 
commercial adapter designed to con- 
vert a portable drill into a saw. See 
illustration under Components. AM— 
Feb 1 °54, p102 


Lapping 


Surface plates and similar flat surfaces 
are produced by a technique of blue- 
ing and scraping, using three plates 
simultaneously. Plate A is blued and 
rubbed on B. B is scraped until it 
mates with A. Then B is rubbed on 
C, and C on A, until rubbing any 
plate on any other shows no high 
spots. AM—Aug 3 °53, p105 


Angle plates are made flat and true 
by blueing and scraping technique 
similar to that employed in making 
surface plates. AM—Aug 3 °53, p106 


Cast-iron laps are employed for final 
sizing of jet turbine shaft journals. 
Operation is slow but involves less 
risk of scrapping costly part at final 
operation. AM—Aug 31 ,53, p129 


Laps for carbide die barrels used for 
pressing sintered-iron cams are pro- 
duced on Norton cam grinders, using 
master cams originally developed for 
grinding hard steel cams. AM—Nov 
23 °53, p124 


Critical flange surfaces are lapped on 
plant-built machine. Its 2-ft-dia, Cl 
table is concave about 0.002 in. across 
its diameter to make flange surfaces 
slightly convex for tighter joints. Con- 


trol rings position work and continu- 
ally resurface the lap. Abrasive in oil 
is fed from tank via a wire and is kept 
in suspension by revolving paddles. 
AM—Feb 15 °54, p134 


SURFACES of directional couplers (right), 
and various wave guides are lapped on 4- 
rpm table. A 5-lb weight (left) speeds 
lapping; smaller weights are rubber banded 
to couplers as counterbalances. Weights 
over a flat sponge are also placed on groups 
of small parts to spread the load. Cut-out 
jig holds couplers in position. Hand lapping 
was slow and did not give flat surfaces. 


AM—Feb 15 '54, pl35 


Grooves and blind holes in surfaces 
to be finished by lapping often act as 
reservoirs for the compound and, 
when the work is nearly finished, 
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particles of compound may feed back 
through the lap, causing scratches. 
This can be avoided by filling grooves 
and holes with sealing wax which can 
be melted out after lapping. AM— 
April 12 °54, p214 


Powder-metal parts may be lapped, 
provided they do not involve bearing 
surfaces, because lapping tends to 
close the pores in the metal. Where 
porosity is not a requirement, and 
for especially hard metals, such as 
Super-Oilite-16 and Railite, lapping 
may be performed. AM—April 26 °54, 
pl104 


ELECTRICAL DISCHARGE 
MACHINING 


Electrical-discharge machining is cap- 
able of producing holes in aluminum 
or high-chrome stainless steel with a 
web thickness of only 0.008 in. be- 
tween holes, without warping, distor- 
tion, or internal stress. Process is 
particularly valuable for material that 
is difficult to drill or punch because 
of work-hardenability. AM—Mar 15 
°54, p143 


Chip breaker grooves are cut in car- 
bide tool tips by a Method X machine 
at Watertown Arsenal. Conventional 
brass electrode wore rapidly—about 
four times as fast as the carbide—so 
chrome-plated brass was substituted 


SECRET OF METHOD X is spork erosion, which teors bits of metal away from work Here's why: Voltoge 
opplied ocross ony conductor creotes electrostotic force thot mokes negotively chorged porticies ( free 
electrons) in alloy move to positive pole-result is ordinory current. Some force tries to pull rest of ctom, 
which 1s positively charged, to negotive pole. Alloy's tensile strength usuolly prevents this (upper right) 
Spork, however, creates electrostatic force strong enough to yonk some of the positive porticies free 


(lower right) 


OPERATION OF ELECTRICAL-DISCHARGE MACHINING is shown in simplified fashion 
on poster prepared at Watertown Arsenal for benefit of visitors. AM—April 12 '54, p!85 
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and wear was reduced to about 25% 
of plain brass. Next idea was to use 
carbide tool tip as the upper electrode, 
and wear was found to be half that 
of tips in lower electrode. Now, 10 
tips are placed in upper, and ten in 
lower electrode. Lower ones are re- 
moved after each cycle, upper after 
every second cycle, two cycles produc- 
ing 30 tips. AM—April 12 ’54, p185 


Characteristic of electrical discharge 
machining is that it produces a slight 
taper on vertical surfaces. When this 
is objectionable, a chrome-plated 
brass electrode (0.0002-in. plate) may 
reduce or eliminate it. AM—April 12 
54, p186 


Rake angles on carbide tools can be 
cut satisfactorily by electrical dis- 
charge machining, but tests at Water- 
town Arsenal show no advantage over 
diamond grinding, and no production 
tooling has been developed. AM— 
April 12 °54, p187 


Soviet development of electrical dis- 
charge machining has_ reportedly 
progressed to a point at which it may 
be used for cutting railroad rails to 
length. AM—May 24 °54, p97 


Accuracy to within 0.00004 in. with 
electrical discharge machining is 
claimed by the Klement Gottwald 
Electric Works, Hungary. 4M—June 
7 °54, p1l3 


Electrical discharge machining has 
been designated “Electro-Erosion” in 
Britain. Term is applied to cover both 
electrical discharge machining and 
abrading by ultrasonic vibration. AM 
—June 21 °54, p94 


OTHER MACHINING 
OPERATIONS 


Universal, high-speed gear burring 
and chamfering machine finishes en- 
tire tooth form of spur and helical 
gears of from % to 9%%4-in. PD. as 
well as external straight and involute 
splines. Setup time is 10 min. Produc- 
tion of 22-tooth gear is 600 per hr. 
AM—Aug 31 ’53, p138 


Tube flaring machine produces stand- 
ard 37° flares on copper, aluminum, 
steel, or stainless steel tubing from % 
to 2-in. OD. Unit can also be used 
for squaring and deburring tube with 
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interchangeable heads and accessory 
equipment. AM—Sept 14 ’53, p201 


Universal machine tool can perform 
50 different operations, including mill- 
ing, drilling, sawing, grinding, slot- 
ting, and turning. Basic machine con- 
sists of frame, table, spindle, and 
drive. Operations are performed by 
application of suitable attachments. 
AM—Sept 14 ’53, p204 


Crimping, sawing, and tapping of heat 
indicator frames at Ford was formerly 
done by six men on a two-shift basis, 
using standard equipment. New, auto- 
matic equipment turns out two frames 
per cycle and requires only one oper- 
ator for one shift. Quality is improved 
so rejections at assembly are virtually 
nil. AM—Oct 12 ’53, p142 


Tellurium copper can be machined as 
easily as brass, and with the same 
techniques. Carbide tools are recom- 
mended because of abrasive action of 
telluride particles. AM—Oct 12 ’S3, 
p199 


Iodide and sponge zirconium with less 
than 0.1% carbon can be machined 
by all standard operations. Character- 
istics are similar to those of aluminum, 
but greater abrasiveness causes higher 
tool wear. Use carbide tools with 
sharp, honed cutting edges, and re- 
move scale by blasting and pickling. 
Dull tools cause rapid work-hardening, 
and tungsten-rich inclusions from 
melting electrodes destroy cutters and 
impair surface finish. Light cuts create 
a fire hazard unless low speeds and 
light feeds are used, because small 
chips ignite readily. AM—April 12 
54, p202 


. Cored hole 


/ Zin Cy , --Babbitt 


Burnishing is the preferred method 
of sizing holes in powder-metal parts 
to tolerances of 0.0005 in. or less. 
Allowance of 0.002 in. on the diam- 
eter is usually the maximum to avoid 
closing surface pores. Burnishing tool 
is usually made 0.0002 in. larger than 
required size of hole. AM—April 26 
54, p104 


Roller burnishing of ground steel bars 
for track links at Caterpillar plant 
produces more wear-resistant and 
smoother surfaces. AM—June 7 °54, 
p178 


Etching process, known as chemical 
“milling” is used by North American 
Aviation for removing unwanted metal 
from masked, complex or fragile 
formed parts. For example, waffle 
construction in wing or fuselage. 
Surfaces are accurate to 0.002 in. 
AM—May 24 °54, p97 


Chemical etching is employed at 
North American to produce sculp- 
tured parts. Areas to be removed are 
left exposed, remainder of surface is 
masked. Part is then immersed in 
etching solution. Electronic control 
permits control to 0.002 in. Method 
permits sculpturing parts after form- 
ing, also reducing parts that must be 
formed in heavy gage (to avoid crack- 
ing) to a desired thinner gage. AM— 
July 5 °54, p133 


CUTTING FLUIDS 


CO. coolant 


Application of CO2 should be to the 
tool tip, and secondarily to the work, 
not to the chip. Using this technique, 
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SPOTFACING OPERATION ON A LARGE CASTING, having cored holes which did not 
need to be machined, was made easy by turning down the end of an old boring bar to a 
slight taper and lining it up accurately with other machined surfaces on the work in a 
horizontal boring mill. End of bar was then inserted in the hole, the ends packed with clay, 


and babbitt poured into the space around the tool. 


This made a support for the bar in 


which a facing tool was mounted. AM—Mar 15 ‘54, pl64 
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Nimonic 75 has been turned at 300 
sfpm, high-tensile steel at 950 sfpm, 
with a carbide tool, with no evidence 
of undue tip wear. COz is jetted 
through an orifice in the tool shank 
from a reservoir bored under the tool 
tip, and is refrigerated before applica- 
tion. See illustration under Tooling. 
AM—Feb 15 ’54, p130 


COz used as a coolant for turning 
enters tool shank through capillary 
tube on side away from cutting edge. 
As snow in reservoir it cools tip, then 
evaporates to pass through one or 
more outlets to cool work. See illus- 
tration under Turning. AM—Feb 15 
54, p130 


For offhand grinding, CO2 can be 
sprayed through multiple jets to pro- 
vide a cooled zone. Coolant does not 
clog wheel, and the low temperature 
preserves the bond, as well as avoid- 
ing thermal cracking of tipped tools. 
AM—Feb 15 ’54, p133 


Drilling with COz as a coolant is an 
effective means of preventing heating 
and thermal distortion of work. Cool- 
ant is applied close to point of entry. 
EN 25, 1 in. thick, has been drilled 
at 700 rpm with HSS drills at 0.04- 
to 0.08-ipr feed with negligible drill 
wear after 100 holes. Coolant is not 
applicable if lubrication is required 
to remove chips. AM—Feb 15 °54, 
p133 


CO:z can be applied as a coolant for 
vertical end milling, because jet can 
be brought close to create snow on the 
cutter. In surface milling, cooling 
effect may be wasted through cutter 
and arbor, so oil is added to the jet 
to cause it to adhere to surfaces nor- 
mally hard to reach, AM—Feb 15 
°54, p133 


When COz is used as a coolant for 
boring, it may be difficult to get it to 
the edge of the cutting tool. This can 
be remedied by aspirating light oil 
into the spray to cause the snow to 
be projected into and to adhere to the 
surfaces. If considerable oil or air 
flow is necessary to wash out chips, 
COz may be applied in addition. AM 
—Feb 15 °54, p133 


COz has been used as a coolant in 
drilling laminated plastics, grinding 
molded plastics, facing aluminum 


bronze, and in hobbing, facing, mill- 
ing, turning, grinding, and drilling 
several types of stainless, as well as 
SAE 4140 (Re 35-42). Cutting time 
has been halved and tool life increased, 
but cutting angles have had to be 
changed to suit increased speeds and 
feeds. Stainless has been hobbed at 
533 rpm, machined at 750 sfpm. AM 
—Mar 1 ’54, p137 


COz has given promising gains in tool 
life when machining MST 3A1-5 Cr 
titanium with carbide tools, as against 
dry machining. Production was in- 
creased almost three times, but COz 
consumption was at the rate of 60¢ 
per hr. With HSS tools on Ti-150A, 
liquid COz fell about midway betweer: 
dry machining and machining with a 
conventional chemical coolant. AM— 
May 24 ’54, p159 


Mist and jet cooling 


Kerosene applied in mist form some- 
times solves the problem of tapping 
brass when trouble is encountered 
with pickup and torn threads AM— 
Sept 14 ’53, p151 


Coolant applied as a jet with 80-psi 
air through 0.010-in. nozzles, and di- 
rected at milling cutters from below, 


Sw tl 
ATOMIZING CUTTING FLUID by com- 
pressed air (mist cooling) will increase tool 
life and can be employed on most types of 
machining operations, except for heaviest 
cuts. (Notable exceptions: heavy grinding 


and deep-hole drilling.) Technique is par- 
ticularly valuable with carbide tools as it 
does not promote cracking. Most standard 
fluids can be used, except those containing 
graphite or other solids. (See correction, AM 
—Nov 9 '53, p92) AM—Sept 14 53 p137 
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produces a mist that is highly effective. 
Expansion of the air adds to the cool- 
ing effect, and the method has re- 
placed COz on a gang-milling opera- 
tion with improved results. AM—Nov 
23 °53, pl69 
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AERATION of soluble cutting oil by inject~ 
ing compressed air at 8 to 10 psi through 
perforated tube just ahead of delivery point 
gives improved tool life and better working 
conditions. For low-volume streams, kitchen- 
faucet aerators work equally well, do not 
require compressed air. Aerated coolant 
clings to work surface and tool, does not 
splash. Disadvantage is clogging by fine 
chips, and lack of flushing action to wash 
away small chips, also inability to reduce 
loading of grinding wheels. Small holes are 
bridged over by aerated coolant, preventing 
lubrication of all but large drills, reamers, 
and taps. AM—April 12 '54, p174 


Cutting oil normally lost as mist in a 
thread-grinding dep’t can be recovered 
to the tune of $140 a year by an 
electrostatic air cleaner. More im- 
portant is the saving of $3553 a year 
on the fuel-oil heating bill, because 
heat is not exhausted to atmosphere 
with the mist, as in ordinary ventilat- 
ing systems. In addition, employees are 
happier in the mist-free shop. Installa- 
tion at Richard Brothers Div, Allied 
Products Co, Hillside, Mich, will pay 
for its cost in 17 months. AM—Mar 
1, °54, p112 


According to recent field tests, high- 
pressure, solid-jet application of cut- 
ting fluid can give substantial produc- 
tion increases on plunge and thread 
grinding of hardened steel. Infeed rate 
has been increased from 0.020 to 
0.060 in. per pass without burning and 
with less loss of fillet radius. On 4140 
steel tubing, Rc 30 to 38, burring and 
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wheel loss was substantially reduced. 
AM—Jan 4 °54, p137 


Hi-Jet cooling (Gulf Oil Co), plus 
curtain cooling consistently permits 
higher cutting speed for equal tool 
life when turning Ti-150-A titanium, 
using special Gulf Hi-Jet oil and HSS 
tools. Machining performance on 
MST 3A1-5Cr titanium, using carbide 
and Stellite tools is also improved. 
AM—May 24 °54, p157 


Grinding 


For grinding carbide tools with an 
electrolytically assisted diamond 
wheel, a 5% solution of sodium 
nitrite has proved successful. After 
about 13 hr, it becomes contaminated 
and loads wheel with a soft deposit, 
but this can be removed with a stiff 
scrubbing brush. AM—Sept 28 ’53, 
pi25 


Excessively hot grinding oil was found 
to cause a burr when grinding threads 
on small motor armature shafts. This 
in turn acted as a broach to enlarge 
bearing bores at assembly and cause 
loose fits. 4M—Dec 7 °53, p126 


For hollow grinding carbide toolbits 
with diamond wheels, use water with 
a little rust inhibitor. Soluble oil 
causes wheel loading, but metal- 
bonded diamond wheels are virtually 
self-dressing when water is used. AM 
—Jan 4 °54, p91 


Cutting fluids for special 
materials 


In machining titanium, it is essential 
that the lowest possible tool tempera- 
ture be obtained. COz usually per- 
forms well, but excellent results can 
also be obtained with water-soluble 
oils. On occasion, straight oil seems 
to work best, as it tends to dampen 
vibration. AM—Sept 14 °53, p129 


In machining titanium, make sure that 
machines and fixtures are extremely 
rigid—more so than for steel—and 
select a cutting fluid based on cooling 
rather than on lubrication. CO2 usually 
works well, but soluble oils may be 
even better. AM—Sept 14 °53, p129 


Johnson’s Wax 140 has solved the 


problem of drilling tough titanium 
alloys at Seeger Refrigeration Co. It 
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has increased the holes per drill from 
3 to 120. AM—Mar 1 °54, p137 


For machining titanium, best results 
are being obtained with sodium nitride 
in water. For grinding with aluminum- 
oxide, wheels should be flooded with 
coolant; a 10% solution of good rust 
inhibitor in water is good. With silicon 
carbide, light grinding oil must be 
employed if wheels are run at 6000 
sfpm, but this introduces a fire hazard. 
AM—June 7 °54, p172 


For drilling titanium barstock, excel- 
lent results have been obtained with 
Dypral tapping compound or liquid 
wax. Sheet metal usually can be drilled 
dry. Special drill grind must be used 
to obtain round holes and good drill 
life. See under Drilling. AM—June 21 
54, p143 


New cutting fluid, Cimcool Titan, has 
been developed for grinding titanium. 
It reduces the amount of heat gener- 
ated and dissipates it more rapidly. 
Excellent results have been obtained 
when used with Cincinnati 1182 
wheels for external grinding, 1140 for 
internal work. AM—June 21 °54, 
p124 


Carbon tetrachloride appears to be the 
best cutting fluid for milling and saw- 
ing the new 3Mn Complex titanium 
alloy. PE—July ’54, p174 


Lubricant for deep drawing tantalum 
or columbium should be sulfonated 
tallow or Johnson’s No. 150 wax lubri- 
cant, or something similar. AM— 
April 12 °54, p194 


For blanking and piercing tantalum 
and columbium, a lubricant consisting 
of a 1-to-1 mixture of light oil and 
kerosene is recommended. Punches 
and dies must be polished to prevent 
galling, scratching, and tearing. Same 
mixture is also needed on forming 
dies of steel or aluminum bronze. AM 
—April 12 °54, p194 


Carbon tetrachloride is the only cool- 
ant that will prevent galling and tear- 
ing when machining tantalum and 
columbium. It is toxic, but this can be 
controlled with good exhaust fans. 
Use it even with emery cloth, because 
the finish will otherwise be subject to 
damage. AM—April 12 54, p195 


For sawing acrylic piastics, a 10% 
solution of soluble oil will improve 
saw life. Stick grease or white soap 
also works well. After cutting wet, 
remove masking paper, if possible, 
otherwise stack work in racks to dry. 
Too high a percentage of oil will 
react with paper adhesive and form 
a film that is difficult to remove. AM 
—Feb 1 °54, p116 


On powder-metal parts, avoid the use 
of cutting fluids. If cooling and chip 
removal is necessary, use a volatile 
fluid that can be removed by heating 
the work to remove it as a vapor. 
Low-pressure air blast, however, is 
preferable. AM—April 26 °54, p103 


Cutting fluid treatment 


Soluble oils drain readily from chips, 
so loss is usually small and reclama- 
tion system does not often pay. Sulfur- 
ized oils are more costly, so chip 
crushing, wringing, and oil reclaiming 
system will pay for itself in a short 
time. AM—Aug 17 ’53, p102 


Cutting fluids at Ford plants are fed 
from central system and passed 
through filters to remove dirt and 
chips before reuse. Disagreeable rake 
and shovel clean-out job is avoided, 
grinding wheel life is increased 20%, 
and scrap is reduced. AM—Oct 12 
*53, p167 


Centralized coolant system in screw 
machine dep’t at Ford consists of 
80,000-gal. system circulating 8000 
gpm through gravity troughs, settling 
tank, and 20,000-gal. clean-oil sump. 
AM—Oct 12 ’53, p176 


Unfiltered grinding oil prevented pro- 
duction of required surface finish. 
More frequent wheel dressing in an 
attempt to improve quality slowed 
production and shortened wheel life 
50%. Filtration system and coolant 
reservoir saved $206 weekly in oil and 
cleaning labor, wheel dressing is re- 
duced 50%, production increased 
30%, over-all operation improved 
75%. AM—Dec 7 °53, p127 


Soluble oils drained from chips can- 
not be reclaimed, but must be 
dumped. To minimize quantity to be 
handled, Allis-Chalmers’ La Porte 
plant treats it chemically to separate 
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the water, which can be drained to 
the sewer, and thus has less oil to 
dispose of. AM—Mar 15 °54, p130 


Used cutting oil at Allis-Chalmers’ La 
Porte plant is drained and centrifuged 
from crushed chips, and pumped to 
sterilizers to kill bacteria, evaporate 
moisture, and reduce viscosity. Filtra- 
tion through cotton and hair mats is 
next step, then clean oil goes to mix- 
ing tanks where additions are made, 
if required. New batches—five parts 
paraffin oil to one part base—are also 
mixed in mixing tanks. New and re- 
claimed oil is dispensed to plant from 
special oil room. AM—Mar 15 ’54, 
p130 


Bacteria in water-soluble cutting fluids 
can be destroyed by the European- 
developed, Hyla process. Silver salts 
are deposited on a carrier, such as 
activated charcoal, fixed in place, and 
dried. Treated carrier is installed in 
a special exchanger through which 
filtered water is passed. Treated water 
is safe for human consumption, has 
no odor or taste. Johns Hopkins Uni- 
versity has proved it will kill bacteria 
and that germicidal action continues 
for some time. Licensee and patent 
holder is Salem-Brosius, Inc, Pitts- 
burgh. AM—Mar 29 ’54, p145 


Cutting fluids . . general 


Adequate coolant flow is essential in 
high-speed milling operations. Nozzle 
should be close to the cutter and work 
and should deliver a generous volume 
at the cutting zone. Coolant should 
be flowing when the cutter enters the 
work to avoid thermal shock. AM— 
Mid-Nov °53, pC5 


Supply of cutting fluid is highly im- 
portant in trepanning operations. A 
gland is required to introduce the cool- 
ant into the bored hole around the 
outside of the boring bar, and a gasket 
seals it in, forces it to return through 
the hcllow bar. Pressure is between 
175 and 300 psi. AM—Jan 4 ’54, 
p110 


Choosing the right cutting fluid for 
the job can have a major effect in 
reducing costs by increasing tool life 
and cutting speeds. If you try to do 
all jobs with a single fluid you may 
be losing a good deal of money. You 
can classify most jobs and select the 


best fluid on the basis of this group- 
ing without an excessive inventory or 
confusion. AM—Mar 1 °54, p97 


Sulfurized cutting oils will prevent 
chip-welding to the tool point, but 
excessive sulfur produces tool wear by 
causing peeling of the tool edge. 
Where there is considerable rubbing, 
sulfur may create a serious heat prob- 
lem, and there is also danger of stain- 
ing and corrosion. In general, use 
sulfur for tapping and broaching 
harder steels, for slow-speed opera- 
tions, form grinding, thread chasing, 
and gear shaping. Avoid it on softer 
materials, at high speeds, when stain- 
ing would occur and be harmful, and 
where rubbing is a problem, as in 
hobbing. AM—Mar 1 °54, p98 


Fatty oils tend to be messy and have 
poor cooling properties, but are use- 
ful as additives to sulfurized or chlori- 
nated oils to increase film strength. 
They will not contribute to anti-weld 
properties. Most successful use is in 
hobbing harder steels and in machin- 
ing ductile materials, such as alumi- 
num, copper, and bronze. AM—Mar 
1 °54, p98 


Chlorinated oils have good anti-weld 
properties and have found their best 
application on stainless steel. For high- 
chrome-nickel steels, high sulfur has 
not proved beneficial, but low sulfur, 
plus chlorine, is effective. Excessive 
chlorine produces no benefits, and is 
expensive. 4M—Mar 1 °54, p98 


Wetting agents have an important 
effect in cutting fluids by permitting 
better cooling and penetration. Polar 
compounds have an electrolytic attrac- 
tion to metals and resist wiping action 
of tools. Change from high active sul- 
fur to a balance of low active sulfur, 
plus other chemical additives, has been 
effective even on low-carbon steels. 
AM—Mar 1 °54, p98 


Water-soluble cutting fluids with added 
fatty oils or other extreme-pressure 
agents can now handle many jobs that 
could be performed only with oil at 
one time. This class of soluble can be 
used for heavy turning of ductile ma- 
terials, such as aluminum, as well as 
for milling, broaching, hobbing, drill- 
ing, turning, reaming, and sawing. 
Except on some plunge-grinding jobs 
with a complex form, it is effective 
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also for form grinding. Coarser-grit 
wheels and heavy stock removal are 
usualy advisable. AM—Mar 1 °54, 
p99 


General-purpose soluble oils maintain 
a balance between lubricity and de- 
tergency and are most effective with 
medium-grain grinding wheels on 
most centerless, cylindrical, and ex- 
ternal grinders working on a variety 
of materials. AM—Mar 1 °54, p99 


High-detergency soluble cutting fluids 
show greatest merit on fine-grit, low- 
stock-removal grinding jobs. They 
have excellent wheel-washing charac- 
teristics and are particularly advan- 
tageous on diamond wheels. For ma- 
chining hard steels at high speeds, 
where cooling and penetration are 
more important than lubrication, this 
class of coolant will almost always be 
found to be highly effective. AM— 
Mar 1 ’54, p99 


“Synthetic” soluble oils (oil-free com- 
pounds with extreme detergency and 
penetration) are more effective on ex- 
tremely-fine-grit grinding and high- 
speed machining of hard steels. Disad- 
vantage is their tendency to deposit a 
microscopic film that will build up on 
the machine and impede its function. 
When bearings, ways, and other such 
areas are exposed to these fluids, ex- 
treme care must be taken with main- 
tenance to avoid the ill effects. Plastic- 
izing agents help avoid film-building 
effect, but reduce wetting and de- 
tergency characteristics which are the 
chief benefits of this class of fluid. 
AM—Mar 1 ’54, p99 


Special soluble oils are now available 
for machining cast iron, and actually 
provide exceptional rust protection. 
AM—Mar 1 ’54, p99 


Coconut oil applied from a squirt can 
produced clean, untorn threads on an 
automatic job for the first time. Used 
by the operator as a protection against 
dermatitis, it was applied accidentally 
to the tap, as an emergency measure, 
when the coolant system broke down. 
AM—Mar 1 °54, p137 


Cutting fluid used on North Ameri- 
can’s beam mill is a mixture of lano- 
lin and kerosene applied as a mist. 
Cutter operates at 3600 rpm with a 
feed of 100 ipm. AM—July 5 °S4, 
p133 
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Heald PRECISION fits i 
your PRODUCTION P 


Bore-Matics 


Internal Grinding Machines 


tomy Since let’s take it from here! 


From basic machine to fully integrated for a limitless range of simpler operations on long 

production line setup, Heald engineering or short run parts as well. 

saves time, effort and expense Whatever the job, Heald is fully qualified to 

...in design, tooling, automation, give invaluable assistance in working out the com- 

installation and operation plete production cycle, from rough casting to 
finished part. 


Now, with production time and cost factors gain- 

Baesornapr pala versatility, adaptability and ing increased competitive importance, you'll find 
precision of a bare Heald machine with the that Ir Pays To CoME TO 
unequalled experience of Heald’s specialized engi- 


' HeEaLp! 
neering and service facilities, and you have a ready i} 


solution to any precision finishing problem. 


This holds true not only for complete, highly THE |HEALD} MACHINE COMPANY 


automated installations performing a multiplicity WORCESTER 6, MASSACHUSETTS 

















of operations in sequence at a single loading, but Chicago * Cleveland * Dayton * Detroit * Indianapolis * New York 











~nycTior » 
= 


sete. 


ep 
ile. 


F p SON: ae 


“Plan for improved production 


iif 


GLEASON WORKS 


Builders of bevel gear machinery for over 85 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 


with Gleason equipment 
and services 


Manufacturers of bevel and hypoid 
gear machinery, Curvic® coupling 
and heat-treating equipment 


You can derive many important production 
advantages by using Gleason equipment and 
services. 

For example, through their analysis of your 
application, Gleason engineers can usually 
offer design and production recommendations 
which result in faster production, lower cost 
and improved performance. 

In addition to assisting in the design of 
angular drive or Curvic coupling units, Gleason 
will also produce prototype parts for you to 
test in your product. Finally, Gleason will make 
full recommendations on equipment required 
for your product with actual production pro- 
posals. 

You will find that Gleason offers equipment 
that completely covers the field of bevel gear 
manufacture. Your planning should include 
their latest equipment and services. 

For a resume of up-to-the-minute informa- 
tion on bevel gear production machinery, 
quenchers, surface hardening equipment and 
gear testing machines (spur and bevel gear), 
see the following pages. 

If you would like to discuss your bevel gear 
applications with a Gleason representative, 
please contact us directly. 








Machinery for Spiral 
Bevel, Zerol® Bevel 
and Hypoid Gears 


Gleason machine tools provide production facil- 
ities for spiral bevel, Zerol® bevel and hypoid gears 
from 3%" to 72” diameter. Gleason gear cutting 
and grinding machines include universal-type 
roughers and finishers, as well as machinery for 
mass production. 


Curvic® Coupling 
Equipment 


No. 104 Straight Bevel 
Conifiex® Generator 














Spiral Bevel 


Hypoid Bevel 


Straight Bevel 


Curvic Coupling 


GENERATORS AND ROUGHERS 


Four generators, Nos. 2, 106, 116 and 26 
—and two roughers Nos. 116 and 26— 
use rotating, circular face, mill-type cut- 
ters to generate teeth by a relative roll- 
ing motion between gear blank and cut- 
ter. Gears of fine and medium pitch are 
completed in one cut on the smaller 
generators. Coarser pitch gears may be 


GRINDERS 


Grinding is the final tooth-forming oper- 

ation on hardened bevel and hypoid 

gears, requiring the ultimate in strength 

and accuracy. Two generating-type 
ad 


grinders, Nos. 7 and 27 feature com- 
pletely automatic cycles, including wheel 


.IGH™ oi viet G 


The Gleason Works offers a complete 
line of machine tools for production of 
straight bevel gears from 7%” to 192” 
diameter. The various gear cutting ma- 
chines include completing generators 
for the smaller size range; two tool gen- 
erators; the Revacycle® machine for 
mass-production items, such as auto- 
motive differential gears; and planers, 
for large gears beyond the range of the 
generators. 

Models Nos. 2A and 104 complete 


roughed and finished on the larger gen- 
erators, but the roughers are recom- 
mended for the first operation on all but 
the smallest production quantities. 

The larger No. 70 Spiral Bevel Gener- 
ator uses a single tool for the separate 
roughing and finishing cuts on large 
coarse pitch gears. 


dressing and in-feed between passes. 
Fine-pitch gears may Se ground from 
the solid; coarser pitches are ground 
after semi-finishing cuts on roughers or 
generators. 


EAR EQUIPMENT 


gears in one operation from the solid 
blank. Production rates are extremely 
high—in fact, you can multiply produc- 
tion as much as 500% with these Coni- 
flex® Generators. 

Models Nos. 14 and 24A Straight 
Bevel Generators use two reciprocating, 
side-cutting tools to generate Coniflex 
teeth. These machines can be used for 
both of the required separate roughing 
and finishing cuts. 


COUPLINGS 


SATA 
IN IN 


The Curvic design provides an accurate, 
light, compact, and self-contained con- 
nection in which the teeth both center 
and drive, as compared to other designs 
where the teeth drive only, and other 
means of centering are necessary. The 
accuracy and uniformity are such that 
complete interchangeability is possible, 
making for easier manufacture and 
assembly of the coupled parts. For these 
reasons, Curvic couplings warrant seri- 
ous consideration for connecting simple 


ECTION 


or complicated parts. 

A complete line of Gleason machines 
is available for manufacturing Curvic 
couplings. Recommended for fixed cou- 
plings is the No. 19 Curvie Coupling 
Grinder. The rate of production is ex- 
tremely fast, and accuracy of product is 
assured by the completely automatic 
grinding cycle. Fixed Curvic couplings 
are checked on the No. 19 Curvic Cou- 
pling Checking Machine. 





HEAT-TREATING EQUIPMENT 


Gleason Quenching Presses and Gear Surface Hard- 
eners are used for controlled hardening of bevel, 
hypoid and spur gears. They also can be used for 
parts other than gears. 

They hold distortion to extremely low limits. 
Quenching presses provide automatic, controlled 
quenching of flat, round, irregular or shafted parts 
insuring alignment and minimizing distortion. For 
round, flat or irregular parts up to 36” in the max- 
imum dimension, there are three sizes of Gleason 
Quenching Presses. For shafts or similar parts, there 
is the Gleason Rolling Quench Machine. It accom- 
modates shafts from ;%” to 4” diameter, from 6” to 
43” in length and can handle parts with integral 
cams, gears or shoulders up to 7” diameter. 

Surface hardening by the Gleason process assures 
excellent wear resistance. Before cutting the teeth 
the blanks are heat treated only to the desired core 
hardness (for strength). Since surface hardening pro- 
duces a gear with no measurable distortion, there is 
no need for subsequent machining or grinding. Two 
surface hardeners, which cover gear sizes up to 120” 
diameter, include electronic controls to assure abso- 
lutely uniform results. 


AUXILIARY EQUIPMENT 


Proper auxiliary equipment is just as essential for 
successful gear production as the cutting and grinding 
machines themselves. Gleason auxiliary machines in- 
clude testers, lappers, burnishers and sharpeners 
originally developed for bevel and hypoid gear manu- 
facture. The advantages of much of this equipment, 
however, are now extended to other types of gears, 
as well. 


Surface Hardening of Gear Teeth Zerol® Bevel Gears 
20° Straight Bevel Gear System Hypoid Gears 
Gleason Curvic® Couplings Bevel Gear Machinery 
GLEASON TECHNICAL HANDBOOKS Generated CONIFLEX® Gear Testing Bevel Gears 
AVAILABLE ON REQUEST Generated Spiral Bevel Gears Bevei Gear Manufacture 


Spiral Bevel Gear System 


Bulletins describing the specific equipment shown on 
this and the preceding three pages are also avail- 
able. Please make all requests on your company 
letterhead and address to... 


gy < 
. GLEASON WORKS 


Builders of bevel gear machinery for over 85 years 
1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 
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Old-fashioned, out-of-date and 

outworn equipment has no place 

in any modern industrial plant 

. and certainly plays 

havoc with your chances of 
competing successfully. 


SIDNEY <0 7x4cekRX LATHES 


THE “LAST WORD” IN 


COST-SAVING EFFICIENCY 


You save amazingly on production- 
time per piece — in large or small 
quantities. You save on mainten- 
ance. Result: your costs are reduced 
so that you can compete... and 
GET THE ORDERS! 


The sensitive tracer head transfers 


every change in contour from the 
master piece or template to the 
cutting tool regardless of size, shape 
or quantity. Change-over to stand- 
ard lathe operation or back to tracer 
requires only a few SECONDS since 
no addition or removal of extra 
parts is necessary. 


WRITE FOR BULLETINS 


THE SIDNEY MACHINE TOOL CO. 
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e SIDNEY, OHIO 


Builders of Precision Machinery since 1904 
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Landis For Any 





> plain cylindrical grinders 


A complete line for eco- 
nomical long or short 
runs. Swings available 
from 4" to 24", with 
lengths between centers 
from 18" to 240". Spe- 
cial tooling and hydraulic 





feeds for semi-automatic 
cycles also available. 


centerless grinders 


Two sizes made for thru 
feed or infeed grinding 
of straight or profiled 
work. Up to 6" diameter 
work and 10" wide 
wheels. A variety of tool- 
ing, loaders and feeds 
available for hand or auto- 
matic operation. 





LANDIS TOOL COMPANY  WAYNESBORO, PENNA., U. S. A. 
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Cylindrical Grinding Job 


universal cylindrical grinders 


For tool room, job shop 
or moderate production 
on a wide variety of 
cylindrical parts. Does 
straight, taper, internal 
and face grinding oper- 
ations. Available in 10" 
to 48" swings with lengths 
from 24" to 120". 


single purpose grinders 


Maximum production of 
parts like pistons, rolls, 
crank shafts, cam con- 
tours, valves, bearing 
races and jet engine com- 
ponents. Parts can be 
chucked or put between 
centers. Work handling 
can be built-in. 


LANDIS 


precision grinders 
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New Low-Cost Cincinnati Lathes Make Debut 
at Dealer Meeting 


Cincinnati’s latest lathes—the 21%” and 26” Tray- 
Tops— made their introductory bow October 18 
before the expert eyes of 54 dealers. As a team of 
designers and engineers presented these brand-new 


babies, here’s what these dealers saw and liked: 
Lathes with 12 all-geared spindle speeds from 24 
to 960 rpm in the high range — with 54 thread and 
feed changes—flame-hardened ways to retain built- 
in accuracies — Cincinnati’s exclusive Color Match 
Speed Selector—a totally enclosed quick-change 


box and hardened gears in all three transmissions. 

Best of all, they saw lathes priced well within 
the reach of every shop. 

These low-cost Cincinnati Tray-Tops are so new 
that not all dealers have been supplied with display 
models. But that needn’t keep you from getting 
the details now. Just write for Catalog T-117 and 
we'll rush complete descriptive literature. No obli- 
gation, of course. Cincinnati Lathe & Tool Co., 
3278 Disney St., Cincinnati 9, Ohio, U.S. A. 

















4 
TOTALLY ENCLOSED QUICK-CHANGE BOX guards gears against dirt, chips and foreign matter. It also 
provides a built-in oil reservoir for automatic lubrication. 54 thread and feed changes—range of 1% to 92 
threads per inch; range of feeds .0019 to .1215. . 


COLOR MATCH SPEED SELECTOR is simplicity, itself. No more refer- 

ence to index plates and lever positions; just match up the color lines. 
APRON is a one-piece, double-walled casting providing adequate support Spindle speeds range from 16 to 640 rpm (standard) or 24 to 960 
for all shofts. It incorporates a built-in safety clutch, oil shot pump lubrication rpm (high). Pressurized lubrication to bearings and gears. Three-bearing 
and positive jaw feed clutches. spindle, 22” diameter spindle hole available. 
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lathes an drills 


1955 Production Planbook 


ee 











; 3 There is also 

a : complete line of 
Cincinnati bench, 

floor and radial 

drilling machines 


3‘ 7” Radial Drill 





. All-geared headstock 11. Double-walled apron with auto- 


12 spindle speeds in geometric matic lubrication 
progression 12. Fully enclosed electrical panel, 

built-in disconnect, transformer, Pe 

motor and controls (all standard 16% Royal Bench Drill 
equipment) 


Direct-reading speed-shifting 
mechanism 
Large spindle mounted in three 
antifriction bearings 
Flame-hardened gears in head- 
stock, quick change box and apron 
Cabinet legs with built-in ievel- 
ing jocks 
Enclosed quick change box with 
lead-screw reverse 

. One shot lubrication of ways 
Ground ways (flame hardened 
at extra cost) 

. Tray-Tops on headstock and 
tailstock 


Cincinnati Tray-Tops: engine, toolroom, gap bed 10”, 1242”, 15", 18” swing. 
Cincinnati Model LT: engine, gap bed 16”, 18”, 20”, 24” swing. 


For complete catalogs, prices and name of your local dealer, write on company 
letterhead to Cincinnati Lathe & Tool Co., 3252 ‘Disney, Cincinnati 9, Ohio. 
21” Sliding Head Box 
Column Floor Drill 
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Mattison Grinder beats 
old time (15 hours) by 12 hours 


The picture above shows a punch and die grinding operation on a Mattison 
High-Powered Precision Surface Grinder at Lyon Metal Products, Incorporated. Previous time ona 
converted planer-grinder was 15 hours — now with a Mattison Grinder equipped with special fixture, 
grinding time has been reduced to 3 hours. 


Mattison Grinders are proving profitable investments in plants where “time out 
for reconditioning is a vital factor in meeting production schedules. Surfaces are reconditioned and 
edges sharpened in a minimum of time, eliminating costly delays and holdup of production. Many 
manufacturers installing the Mattison Grinder for reconditioning dies find many other uses for it in 
grinding flat surfaces where accuracy and fine finish are required. For complete information on the 
Mattison High-Powered Precision Surface Grinder, send for free copy of our latest circular. 


MATTISON 


———ROCKFORD - ILLINOIS 





MACHINE WORKS 
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~ Production « Aecuracyconomy 


V-8 Cylinder Blocks are MICROHONED Automatically 
on NEW Model 420 Hydrohoners Xe 


Specifications of this 
model are included in 
our general catalog — 
obtainable at the 
offices listed below. 





This multiple-spindle, heavy-duty model is designed to 
fit any type of production line. Examples of its adapt- 
ability: above, two four-spindle machines with tip-up 
fixtures; left, V-type; upper right, eight spindle vertical. 





Micromatic Hone CorPorRATION 
8100 SCHOOLCRAFT AVE., DETROIT 38, MICHIGAN 


MICROMATIC HONE CORP. MICROMATIC HONE CORP. MICROMATIC HONE CORP. MICROMATIC HONE LTD. MICROMATIC HONE CORP, 
MICRO-MOLD MFG. DIV. 2205 Lee Street 1535 Grande Vista Ave. 330 Grand River Avenue MICRO-MOLD MFG. DIV. 
Boston Post Road Evanston, Illinois Los Angeles 23, Calif. Brantford, Ontario, Can. 231 So. Pendleton Ave. 
Guilford, Connecticut Pendleton, Indiana 
REPRESENTATIVES: Allied Northwest Machine Tool Corp., 103 $.W. Front Ave., Portland 4, Oregon * Mason Machine Tool Company, 

415 So. Second East, Salt Lake City, Utah * Tidewater Supply Co., Charlotte 4, North Carolina 

REPRESENTATIVES IN ALL PRINCIPAL COUNTRIES 
SUBSIDIARY: 
Micro-Precision Inc., 2205 Lee Street, Evanston, Illinois 


Hydraulic Controls ¢ Diesel fuel injection eavioment 
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MAN-AU- 


Are your manufacturing methods the most efficient? 


Is your plant equipment modern and adequate? a= 


Is your production cost as low as possible? 
or 
Can you improve your products by employing 
better methods and equipment? 


TROL V. T. L. 


\ pax: 
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we re After reappraisal of your equipment, we invite your 

attention to modern Bullard Machine Tools — the tools 

that are engineered, built, inspected and installed to BULLARD )) 
. s % > EE 
jaa ~ give you cost saving features and service for years 

SS ee to come. 
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6 from the world’s most 


Norton General Purpose Production Type Cylin- 
drical Grinders. The 10” x 36” Type CTU Semi- 
automatic, a top performer among grinding machines of 
this type, offers a unique combination of speed, accuracy, 
flexibility and sturdiness. One-lever control of the auto- 


Norton Special Purpose 

Grinders For Automotive 
Parts include the 6” x 8” Semi- 
automatic Piston Grinding Ma- 
chine, outstanding for high pro- 
duction and high precision. 
Fast sizing, automatic wheel 
truing and simplified operation 
are among the many advanced 
features. Work drive arrange- 
ments available for all types of 
piston relief grinding. Catalog 
742 gives full details. 


aq 


matic grinding cycle reduces operator’s duties to loading 
and unloading. Production line and job shop users report 
Norton 10” CTU’s have doubled production, replaced 
several machines, eliminated extra operations. Write for 
Catalog 1787. 


sa teria 


Production Planbook 








Norton Tool Room Cutter Grinders. The 

No. 20 Cutter and Tool Grinder is the most 

versatile machine in its class. The wheel head 

O Norton Surface Grinders are well repre- tilts up to 15° above or below horizontal, and 
sented by this 8” x 24” Hydraulic Grinder. may be swivelled through 360° — simplifying 
Designed with both hand and power table tra- such jobs as grinding taper reamers, step counter- 
verse and cross feed, it produces plane surfaces bores, form tools and milling cutters. Other 
smoothly and speedily. Convenient controls and pace-setting advantages include long table tra- 
easy accessibility keep operating and mainten- verse and wheel slide travel . . . integral motor 


ance times low. Extra equipment, such as mag- 
netic chucks, wet grinding attachment and indi- 
vidual dust exhaust system meet all operating 
conditions. Write for Catalog 190. 


tells you why. 


Only Norton offers you such long experience in both grinding 
machines and wheels to help you produce more at lower cost. 

The six machines shown here are typical products of that ex- 
perience — bringing you ahead-of-t1e-parade design that speeds 
production and adds maximum product-value on ev:ry job they 
do for you. 

But remember — these six advanced machines represent only 
a small fraction of the world’s broadest line. Besides many models 
of cylindrical, surface, crankshaft and camshaft grinding ma- 
chines, Norton produces a wide range of lapping machines, tool 
room grinders and special types for grinding pistons, valves, jet 
parts, etc. 

A new illustrated folder $1843 lists the entire Norton line of 
grinding and lapping machines and tells you how to get all the 
facts on each unit. For your copy, write to NORTON COMPANY, 
Machine Division, Worcester 6, Mass. In Canada: J. H. Ryder 
Machinery Co., Ltd., Toronto 5. 


To Economize, Modernize With NEW 


NORTON 


GRINDERS and LAPPERS 
Qlaking better products... to make other products beffer 


District Sales Offices: Worcester + Hartford + New York 
Cleveland + Chicago + Detroit 
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spindle . . . wheel slide graduated dials readable 


from any angle. No other cutter and tool grinder : i 
does so many jobs so fast, so easily. Catalog 189 Norton Lapping Ma 


O chines. e Type 

16FC Vertical Lap- 
per —- you outstand- 
ing production capacity 
for such work as diesel injector parts, plug 
gages, size blocks, sides of small bearing races, 
ump gears and plates and many other parts. 
ton flat work up to 3” x 5”, and cylindrical 
work up to 3” diameter, producing a high degree 
,% seer ard finish. Catalog 212 gives you 

tarts. 


ORTON 


Norton 10” Universal Grinders. The 

10” x 20” Universal Grinder has the flexi- 

bility to handle an almost endless variety of jobs. 

Compound swivel arrangement of wheel head 

enables you to make separate angular settings of 

wheel and feed. External, internal, face or an- 

ane’ wheel slide operations are easy. Chuck may 

mounted on one end of work head spindle, 

ready for use by turning head 180°. Write for 
Catalog 170. 
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FRIDEN Calculating Machine Co., Inc. 


of San Leandro, Calif., 


makes these components on 


Shown are a few of some 30 instrument components 
produced on two Cleveland Dialmatics at Friden Cal- 
culating Machine Co., Inc. Machined from aluminum 
and stainless steel, these parts are characterized by 
extremely thin sections—intricately stepped and re- 
cessed i. d.’s—many trepanning operations—fine pitch 
threading—clean, sharp knurling—beautiful finish— 
with most dimensions held to 0.001"; many to 0.0005”. 


That these parts are produced complete on the Cleve- 
land Dialmatics—rather than first roughed out, then 
finished to required tolerances by grinding—is a trib- 
ute both to the skillful tooling by Friden engineers 
and to the capabilities of the Cleveland Single Spindle 


' THE CLEVELAND AUTOMATIC MACHINE COMPANY | 


sons ceggenenen: gence srepesreseci gee: 
a2 a 


2 oe * ne me oe ser oatamagmnneter. 


CLEVELAND 3” Model AB 


DIALMATICS... 


...to such accuracy they 
are assembled into precision — 
aircraft navigation instrument 
without further machining 
other than some deburring! 
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John Prohaska, vice president of Cleveland Automatic 
and Jay DiFabio, test department foreman, admiring 
circraft instrument components produced by the 
Friden Company on two Cleveland Dialmatics—iden- 
tical to the machines shown in the background. Friden 
produces these parts in runs of from 500 to 2000 pieces. 


Automatics. The Cleveland’s rigidity and accuracy of 
operation—range of spindle speeds—flexibility of 
control—ease and rapidity of set up—contributed to 
produce some of the finest screw machine work we 


have ever seen. 


Could a single spindle bar automatic possessing these 
qualifications assist your company to more and better 
production at less cost? Let a Cleveland sales engineer 
give you complete information. For a description of 
machine details and specifications, write for new 


8-page bulletin. 


Remember: CAevelande Cut Coots- 


4928 Beech Street 
Cincinnati 12, Ohio 


SALES OFFICES: CHICAGO 
CLEVELAND + DETROIT 
HARTFORD « S. ORANGE 


Ry gt ES 
be Le 


Manufacturers of a Complete Line of Single Spindle Automatic Screw Machines and High Pressure Hydraulic Die Casting Machines 
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PETERMANN 
P-16 


SWITZERLAND'S 
Gina Caines 


PETERMAN 


IN SIX (6) SIZES TO 1” BAR CAPACITY 


IKRON  TAYANNES 


hy fue SINGLE SPINDLE AUTOMATICS 


Bars 2%” dia. by 21%” long 


GEAR MAKING MACHINES MULTI-SPINDLE AUTOMATICS 
For HOBBING and SHAPING: For Chucking and Bar Stock 


MIKRON =102 
TAVANNES 


CHUCKING 
MACHINE | 


4 


We maintain in New York: 


A competent engineering staft for assistance in the selec- 
tion and operation of these machines. 

A shop for the layout and manufacture of cams and tools 
for automatics. 

A large stock of expendable items such as collets, carbide 
bushings, cam followers, hobs, etc., as well as a compre- 
hensive list of spare parts. 


WRusse, Pifowwroox « UBfenperson, inc. 


292 Madison Avenue, New York 17, N. Y. 


7 
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TO MEET THE 
PRODUCTION 
DEMANDS OF 
TOMORROW 


MODEL 12-S SEMI-AUTOMATIC HOBBER 


This sturdy gear hobbing machine with the L. B. electric 
hob shifter and in-out mechanism produces gears of 
maximum accuracy—including right or left hands¢pur 
and helical gears up to 45°. After loading it is neces- 
sary only to press the starter button and the hob fs fed 
automatically across the face of the work. 


MODEL R HEAVYWEIGHT HOBBER 


Here’s a machine designed to handle the really big, 
tough hobbing jobs. Maximum outside diameter 16”; 
travel 18”; maximum helix—RH 45° and LH 60°. 

Like all Lees-Bradner hobbers, the model R has future 
capacity built into it. 


IF YOU THREAD OR HOB...GET A BETTER JOB WITH A LEES-BRADNER 









MODEL HT THREAD MILLER 


A heavy-duty semi-automatic threading machine that has 
a wide range of leads (4,” to 60”) and hence the capacity 
to handle a wide veriety of precision threading jobs. It may 
be adapted to many attachments for special requirements. 







LEES-BRADNER 







7HD HEVI-DUTY HOBBER 


This Hevi-Duty vertical hobber is built to meet 
today’s-and-tomorrow’s demands for faster hob- 
bing speeds and greater accuracy. A powerful 
single-spindle machine with a maximum diame- 
ter capacity of eight inches using a 3” hob, it has 
a rated capacity in steel of 4 D.P. 

















CRI-DAN “B” THREADING MACHINE 


A single-spindle, high speed threading machine that is setting 
new records for precision threading. It utilizes a single carbide- 
pointed tool and can be set for a constant or diminishing feed 
per pass. This versatile threading machine handles many spe- 
cialized threading jobs, in a variety of metals and all>ys, many 
of which are beyond the capacity of less versatile threaders. 














CRI-DAN “E” THREADING MACHINE 


This is ao brand new and heavier (over 2000 Ibs.) model in the 
line of Cri-Dan Threading Machines. The clutch, brake and 
saddle are hydraulically controlled, greatly increasing the 
ease of operation. The spindle speed may be varied between 
50 and 1400 RPM depending upon the characteristics of the 
threading job at hand. 

The newest addition to the famous Cri-Dan line of threaders, 
Cri-Dan ‘‘E’’ was developed because present Cri-Dan users 
requested o heavier duty Cri-Dan. : ne 
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tHe MOST POWERFUL 


RADIAL DRILL IN AMERICA 


This standard 12-foot Master 
Super-Service Radial with 26- 
inch diameter column is a 
specialized portable type, built 
to suit the needs of one of 
ea America’s largest turbine mann- 
E 


e’ facturers. Here is an example 
rapa of the correct application of 
- modern cost-cutting equipment. 
. Let us work with you on your 


drilling problems, for our broad 
line and long specialized ex- 
perience can effect worthwhile 
savings for you. 


CINCINNATI 


BICKFORD * 








— ~ eel 

















The right 









The SUPER SERVICE Master Radial Drill is built 





Cincinnati BICKFORD 
will do your job better 





the extensive variety of 


sizes and types of drill- 
ing machines... devel- 
oped over a period of 


The 36-speed 18-feed SUPER SERVICE 
Radial Drill is furnished in 13 different 
standard sizes, ranging from 3’ to 8’ 
arm lengths and 11” to 19” diameter 
auas. Driving motors are 7% to 


in 7’ to 12’ arm lengths and in 22” and 26” diam- 
eter columns. This machine has 36 speeds and 
18 feeds powered by motors from 20 to 40 HP. 


The most powerful radial drill built. 


The SUPER SERVICE General Purpose 
Round or Box Column Upright Drilling 
Machines are furnished in 21”, 24” and 
28” sizes. From 9 to 12 speeds and 4 to 
9 feeds. The machines are powered by 
either 3, 5, or 7'4 HP motors. 


Léa 


a 


— 





The 9” Diameter Column 
SUPER SERVICE Radial 
Drill, designed for fast, 
easy handling, is built in 
either a 3’ or 4’ arm 
length with 9 speeds and 
4 feeds powered with a 
3 HP driving motor. 


The SUPER SERVICE Direct 
The new SUPER SERVICE Precision Drill- Drive Uprights have the adapt- 
ing Machine is especially suited to opera- ability of general purpose drill- 
tions in conjunction with the Bullard ing machines but simplified for 
Spacer for interchangeable production mass production. hey are 
without the delay and expense of costly furnished in 21”, 24” and 28” 
jigs and special tooling. sizes with 3, 5, 714 or 10 HP 

driving motors. 


What users say! 


This booklet is a record of savings in many 


plants—and is of interest to all users of > 


drilling machines. If you desire a copy 
lease write for “80-year Anniversary 
klet’’. 


@. RADIAL AND UPRIGHT DRILLING MACHINES 


ay* 








Send for these Bulletins 


SENSITIVE RADIAL 
NG BORER 

AUTO. POS. MACH. 
RADIAL 

UPRIGHTS 
SENSITIVE 

JIG GRINDER 


SENSITIVE RADIAL DRILL 


Exclusive with Fosdick, the Sensitive Radial combines upright 
and sersitive features—rigidity, compactness and 

convenient table height—with the capacity and flexibility 

of a radial. Table is universally adjustable, arm rotates at 
constant height and controls are always within convenien: 
reach. One piece column, 3 and 4 ft. arms. Drills up to 1% ”. 


JIG BORER and 
AUTOMATIC POSITIONING MACHINE 


Jig boring with automatic positioning has eliminated the 
need for highly-skilled labor for precision hole positioning! 
With duplicating bars—made quickly, stored easily—the 
ordinary operator can position table and slide at the 
same time to within plus or minus .0001” at the touch of a 
button! And Fosdick’s Jig Borer costs less than any 
comparable machine on the market. 

Duplicating drilled, bored and tapped parts—weeks, months 
or years apart—is fast, economical with Fosdick’s Automatic 
Positioning machine. Set up time measured in minutes! 
Costly jigs are replaced by compact duplicating bars made 
of standard 5%” stock, bored for each hole. 

Table sizes: 18°x36” (no automatic positioning) and 
22 "x44". Table to spindle capacity, 27”. 3 hp motor standard, 
5 or 7% hp optional, 


#40-P 
#17-P 
#18P-P 
#37-P 
#25-P 
#BM-P 
#5G-P 
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UPRIGHT DRILL 

Two sizes, 25” and 30” with 
either round or box columns. 
Twelve spindle speeds from 
60 to 1500 rpm, nine power 
feeds from .005” to .043” 

per revolution. 





SENSITIVE DRILLS 
For economical production 
of small drilled parts. 1 to 
6 spindles in either six or 
nine speeds from as low as 
55 rpm to as high as 3600 
rpm, four power feeds. 


MOORE-FOSDICK JIG GRINDER 
The Only Automatic Positioning Jig 
Grinder in the World! 


This new machine combines the unique Moore Jig 
Grinding Head with the exclusive Fosdick Automatic 
Positioning Table. It gives you greater capacity for 
grinding with the speed and convenience of a table that 
automatically positions work to + .0001". There is no 
other machine in the world that even approaches the 
Moore-Fosdick in jig-grinding capacity, versatility, 
convenience and precision ! 


Greater range—22” x 42” x 27” height. 

Automatically positions work to + .0001”. 

Grinds jigs, dies, punches, templates and machine parts. 
Infinite grinding speeds—12,000 to 60,000 rpm. 
Contour and chop grinding. 

Slot grinding attachment. 

Spindle housing heat control. 


The Moore-Fosdick Jig Grinder is available in three 
models. No. 30-G and Nos. 42-G and 42-PG*. 


*No. 42-PG, with Automatic Positioning. 


THE FOSDICK MACHINE TOOL CO., CINCINNATI 23, OHIO 
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Ss, CAP SCREWS, LAG SCREWS, VALVES, 
MOTIVE PARTS AND SIMILAR PRODUCTS , 


*HOPPER FED 


*AUTOMATIC 
SHAVING MACHINES 


*AUTOMATIC 
POINTING MACHINES 


SEMI-AUTOMATIC 
POINTING MACHINES 


*AUTOMATIC POINTING 
& THREADING MACHINES 


i] *AUTOMATIC POINTING 


& SHAVING MACHINES 


*DOUBLE END AUTOMATIC 
POINTING MACHINES 


Consult ECONOMY First 


with Your Problems— 
New Advanced Units are 
Always Under Development 
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NICHOLS / TWIN 


The Nichols Twin Mill is something new in duplex millers — a precision 
2-spindle bed-type miller designed for simultaneous light duty milling of 
opposite or adjacent surfaces, using horizontal or vertical spindles. 


The Twin Mill provides unmatched flexibility! It is equally adaptable for 
long-run or short-run jobs. The two geared milling heads are independent 
units, with seporate 1 HP motor drives, and are quickly adjusted either 
directly opposed. or offset longitudinally, vertically or transversely. Set-up 
is fast and simple. 


The wide range of spindle speeds from 55 to 2050 R.P.M. allows milling 
of ferrous or non-ferrous materials with high speed or carbide tipped cut- 
ters, producing EXTRA FINE FINISH while maintaining the closest tolerances 
with ease. 


The Twin Mill is completely push-button controlled, arranged for automatic 
table cycling — with rapid approach, hydraulically controlled variable cutting 
feed and rapid return. Available with automatic retraction of milling heads, 
automatic spindle brakes and carefully engineered special features to 
meet specific applications. 

The parts shown are typical of those on which the Twin Mill is cutting costs 
and boosting production. Investigate the savings it can make for you. For 
details write to Nichols-Morris Corporation. 


CONDENSED SPECIFICATIONS 


Table, working surface 855" x 30” 
Table Travel— cutting stroke Wx" 
Motors (two) 1 HP 
Spindle Speeds (15) from 55 to 2050 RPM 


Max. height center of spindle 
above table 11%" 


Mox. offset of spindles (horizontal) 835" 


Max. distance between 
spindle noses (across table) 16” 


Floor space required 64” x 56” 


Manufactured by W. H. Nichols Company, 48 Woerd Avenue, Waltham 54, Mass. 





NATIONAL DISTRIBUTORS 


76-F Mamaroneck Ave. White Plains, New York 


NICHOLS-MORRIS CORPORATION 
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You can cut 
PRODUCTION COSTS § CLAUSING PLUS VALUE LINE! 
with the = 


The Great New CLAUSING PLUS VALUE Lathes, Drill Presses and Vertical 
Millers offer you one sure way to meet today’s competition through lower 
production costs! Feature by feature . . . dollar for dollar . . . or by any 
other basis of comparison these new machine tools are the leaders in their 
fields for Accuracy . . . Capacity . . . Versatility . . . and Economy! For 
heavy duty production, tool room, maintenance, experimental or research work, 
they are also designed to give you the maximum performance per dollar 
invested in original equipment and operating costs. Investigate before you 
buy! Write today for fully illustrated literature. 


THE NEW CLAUSING 18” 


Here’s today’s BIGGEST Tool and Job 
Capacity 18” Drill Press! A heavy-duty 
GEAR DRIVEN power feed that’s posi- 
tive and sure —No belt slippage to 
dissipate power. Instant feed selection 
— BY DIAL — No belts to position. New 
spindle bearing engineering, vernier 
depth stop, exclusive head and table 
positioning mechanism. Drills 1” cast 
iron, %” steel —No. 3 M.T. — 62” 
spindle travel. 


THE VERSATILE 
NEW CLAUSING 
VERTICAL MILLER 


Especially designed for tool room, pattern shep and general pur- 
pose use, the new CLAUSING Vertical Miller is many machines com- 
bined in one! It Mills, Drills, Bores, Reams and Shapes . . . at all ungles 
. . . with one work setup! Rigid, high precisicn spindle head with 7 
ball bearings, chrome nickel steel spindle, chrome hardened, ground 
steel quil! and honed bearing seats, micrometer depth control stop and 
two feeds. 6” x 24” table, 6 spindle speeds, 180 to 3250 R.P.M., No. 
7 B&S or No. 2 M.T. spindle optional. 


WRITE FOR ILLUSTRATED LITERATURE TODAY? 
CLAUSING DIVISION ii ener ea aus 

: IN ncan | 3300 12” PRECISION LATHE 

V1-103 M8. PITCHER ST. KALAMAZOO, Here's the massive new lathe that's designed for 
Bigger Capacity . . . Greater Accuracy PLUS Economy! 

Glas Featuring: ‘“Zero-Precision” Timken tapered roller 
" P bearings * exclusive clutch and brake equipped 

CG VATAY/, [4 Geay Mecine Yous Haee PPT! countershaft * 1” collet capacity * 12” swing 

; ATLAS WOODWORKING POWER TOOLS * 1%” hole through 16” long precision ground, 

: ATLAS METALWORKING MACHINE TOOLS forged steel spindle * No. 3 M.T. tailstock with 
CLAUSING HEAVY DUTY MACHINE TOOLS 








tang socket * double-walled automatic apron * quick 
change mechanism * massive precision ground bed. 
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SNYDER SPECIAL | 21-STATION AUTOM 


TRANSFER MILLS; DRILLS, CORE LLS 


TESTS MANIFOLD FOR AIR LEAKAGE 
PROCESSING PROGRESSIVI 
processes 130 UNITS. AN HO 


AT 80% EFFICIENCY 
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SNYDER 


TOOL & ENGINEERING COMPANY 
3400 E. Lafayette, Detroit 7, Michigan 





Two-Way Hydroulic Feed 
Vee Type Stub Boring Machine 


Unique Bracket Type Hammond 
Radial Drilling and Tapping Machine 


17 Station, 80 Spindle 
Drilling Machine 


Single Slide Broaching 
Machine 5, 10, 15 and 25 Ton 
capacity 


Stub Type Cylinder 
Boring Machines 


Duplex Surface Broaching 
Machine 5, 10, 15 and 25 ton 
capacity 

1, 2,3, 4 and 6 

Spindle Sensi- 

tive Drilling 

Machines 


3-Way 31 Spindle Drilling : Continuous Type Broaching 
Machine with 2 Position Power Machine Built in Five Sizes 


eu EO I 


PAM REGO LT 


& Tr 9o 
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You will always find something new at Cincinnati 
Milling . . . new ideas blended with 70 years of 
experience in serving industries of all types. Five 

of Cincinnati’s newest machine tools and production 
ideas are illustrated here. You may obtain more 
information by writing for literature. For your 
convenience, our direct offices and representatives 
are listed on the fourth page of this message. 

The Cincinnati Milling Machine Co., Cincinnati 
Grinders Incorporated, Cincinnati 9, Ohio. 





New CINCINNATI FILMATIC No. O 
Centeriess Grinder. It incorporates new ways 
to reduce setup time; new ideas in producing higher quality 
finish; more powerful. New specification catalog is yours for 
the asking. Cincinnati also has a new No. 2 Fitmartic Center- 
less Grinder. Ask about it. 





New CINCINNATI HyPowermatic 
Milling Machine. Everything new, including 
Hydramech Table Drive with variable feed and backlash 
eliminator. 42 sizes, plain and duplex styles, up to 168” 
travel and 50 hp spindie drive. Do you want more infor- 
mation? We will gladly send it to you. 





New production features for CiN- 
CINNATI FILMATIC Piain Hydraulic 
Grinders may now be obtained, including automatic 
infeed and traverse cycles; automatic sizing; automatic 
wheel truing. These new developments sharply reduce 
precision grinding costs. 











New CINCINNATI No. 1 Toolmaster 
Milling Machine. A new member of the Cincinnati 
line gives you a new conception of rugged construction and max- 
imum operator convenience for light milling operations. Desired 


by toolmakers everywhere. 





New CINCINNATI No. 1 Cutter and 
Tool Grinder. A fitting companion for the famous 
CINCINNATI No. 2 Machine. Incorporates many new ideas and 
features of versatility for quickly and accurately sharpening cut- 
ters of all types. You’ll want to know more about this one. 





CINCINNATI 


OLD IN EXPERIENCE. . .NEW IN PRODUCTS, PLANT, 


AND WAYS TO PERFORM METALWORKING OPERATIONS 


AT A LOWER COST 








SALES REPRESENTATIVES 


ALABAMA, BIRMINGHAM 3: Mc¥Yoy-Hausman Co., 2024 Sixth 
Ave. W., Phone: 3-927! 


CALIFORNIA, LOS ANGELES 58: Harron, Rickard & McCone Co. 
of Sou. Cal., 3850 Sante Fe Ave., Phone: Logan 5-8361 


CALIFORNIA, SAN FRANCISCO 10: Harron, Rickard & McCone 
Co. of Nor. Cal., 2070 Bryant St., Phone: Atwater 2-2202 


COLORADO, DENVER 4: Overgard Machine Tool Co., 2045 West 
Eighth Ave., Phone: Main 3141 

FLORIDA, JACKSONVILLE 3: Farquhar Machinery (Co., 2120 
Market St., Phone: 4-678! 


FLORIDA, MIAMI 9: General Equipment Incorporated, 543 North- 
west Fifth St., P. 0. Box 1470, Phone: 2-8468 or 2-8469 


GEORGIA, ATLANTA 3: Chandler Machinery Co., 120 Houston St., 
NW. E., Phone: Walnut 3843 


IDAHO, BOISE: The Salt Lake Hdwe. Co., 702 S. Eighth St., 
P.0. Box 1487, Phone: 42555 


LOUISIANA, NEW ORLEANS 6: Dixie Mill Supply Co., Inc., 
Tchoupitoulas & St. Joseph Streets, Phone: Raymond 6101 


LOUISIANA, SHREVEPORT 93: Dixie Mill Supply Co. of Shreve- 
port, 200 Edwards St., Phone: 2-033) 


MINNESOTA, ST. PAUL 4: Anderson Machine Tool Co., 2631 
University Ave., Phone: Nestor 6548 

MISSOURI, KANSAS CITY 12: Robert 8. Stephens Machinery Co., 
424 Nichols Rd., Phone: Logan 2123 or 4925 


MISSOURI, ST. LOUIS 3: Robert &. Stephens Machinery Co., 
1706 Olive St., Phone: Garfield 6288, 6289 or 6290 


NEBRASKA, OMAHA 8&8: T. S. McShane Co., 1113 Howard St., 
Phone: Jackson 1273 


NORTH CAROLINA, ASHEVILLE: Tidewater Supply (Co., Inc., 
95 Roberts St., P. 0. Box 212, Phone: 2204 

NORTH CAROLINA, CHARLOTTE 2: Tidewater Supply Co., Inc., 
147 Brevard Court, Phone: 4-1510 


OKLAHOMA, TULSA 14: Robert 8. Stephens Machinery Co., The 
Boulder Bidg., Tenth & Boulder Sts., Phone: Tulsa 4-8678 


OREGON, PORTLAND 1/4: Hallidie Machinery & Equipment Com- 
pany, 1545 S. E. Union Ave., Phone: Atwater 9641 


SOUTH CAROLINA, COLUMBIA: Tidewater Supply Co., Inc., 
807 Gervais St., P. 0. Box 1138, Zone E, Phone: 26371 

TENNESSEE, CHATTANOOGA 1: Noland Co., inc., 115 Market St., 
Phone: 7-1284 

TENNESSEE, MEMPHIS 2: Hays Machine Tool Co., 269 S. Front St., 
Phone: 5-3314 

TEXAS, DALLAS 1: Dave O'Neall Machinery Co., 3722 Bowser St. at 
Oak Lawn, Phone: Logan 8432 

TEXAS, HOUSTON 1: Sam H. Penny Machine Tools, 3003 Louisiana 
St., P. 0. Box 1271, Phone: Keystone 3839 

UTAH, SALT LAKE CITY 10: The Salt Lake Hardware Co., 105 N. 
Third St. W., P. 0. Box 510, Phone: 3-5771 


VIRGINIA, NORFOLK 1: Tidewater Supply (o., Inc., 501-535 
W. Twenty-fourth St., P. 0. Box 839, Phone: 27311 

WASHINGTON, SEATTLE 8: Hallidie Machinery Co., 210 Hudson 
St., Phone: Landes 9520 


BOSTON: 336 Washington St., Wellesley Hills 82, Mass. 
Phone: Wellesley 5-4670 or 5-4671 


BUFFALO: 1807 Elmwood Ave., Buffalo 7, N. Y. 
Phone: Riverside 3402 


CHICAGO: 104 W. Oak Park Ave., Oak Park, ill. 
Phone: Chicago—tstebrook 86-1905 os Oak Park—Village 8-3804 
CINCINNATI: 4701 Marburg Ave., Cincinnati 9, Ohio 
Phone: Redwood 2121 
CLEVELAND: 4614 Prospect Ave., Cleveland 3, Ohio 
Phone: Henderson 1-4100 
DETROIT: 24100 WN. Woodward Ave., Pleasant Ridge, Mich. 
Phone: Jordan 4-6694 or Lincoln 5-6868 
HARTFORD: 10 North Main St., West Hartford 7, Conn. 
Phone: Adams 3-6271 


INDIANAPOLIS: 328 Chamber of Commerce Bidg., indianapolis 4, 
indiana, Phone: Melrose 5-7382 


NEW YORK: 155 East 44th St., New York 17, New York 
Phone: Murrary Hill 2-5448 or 2-5449 

PHILADELPHIA: 580 Lancaster Ave., Bryn Mawr, Pennsylvania 
Phone: Lawrence 5-4040, 5-4041, 5-4042 


PITTSBURGH: 666 Washington Rd., Pittsburgh 28, Pa. 
Phone: Locust 1-8116 or 1-8117 


SYRACUSE: 472 South Salina St., Syracuse 2, New York 
Phone: Syracuse 74-5354 or 74-5355 


The Cincinnati Milling Machine Co. 
Cincinnati Grinders Incorporated 


Cincinnati 9, Ohio, U.S.A. 


U.S. TERRITORIES 


HAWAIl, HONOLULU 17: H. S. Gray Co., 759 Puuloa Road, 
P. 0. Box 3016, Phone: 82244 


B. C., VANCOUVER 1: 8. C. Equipment Co., Ltd., B. C. Equipment 
Bidg., 551 Howe St., Phone: Marine 2511 


MANITOBA, WINNIPEG: Acme-3ertram Machine Tcols, Ltd., 
312 Power Bidg., 428 Portage Ave., Phone: 925-620 


ONTARIO, DUNDAS: Hamilton Office 
Acme-Bertram Machine Tools, Ltd., Phone: 700 

ONTARIO, TORONTO 4: Acme-Bertram Machine Tools, Ltd., 
15 Brandon Ave., Phone: Oliver 8461 

ONTARIO, WINDSOR: Acme-Bertram Machine Tools, Ltd., 
1922 Wyandotte St. East, Phone: 48644 


QUEBEC, MONTREAL: Acme-Bertram Machine Tools, Ltd., 
319 Drummond Bidg., Phone: Marquette 1356 




















(the automatic way 


MURRAY-WAY the economical way 


(the better way 


to POLISH... BUFF... GRIND... FILTER 


Whatever your job .. . whatever your problem . . . Murray-Way auto- 


matic equipment will do that job better and more economically. 


These are just a few illustrations of Murray-Way’s success in beat~ 
ing production cost with the finest automatic equipment available. 


You can depend on Murray-Way engineering, Murray-Way experience, 
Murray-Way equipment to solve your production problems. 
A. Micro-Polish—Continuous Strip D. 451 Universal Polishing Head F. #72 Series Belt Polishing Head 


Polishing Installation —One of Several Standard G. indexing Dial Table 
B. Vertical-Platen Conveyor Polishing Heads re 


C. Horizontal-Platen Conveyor E. The Automatic, Self-Cleaning, H. Six Micro-Polish Units in Series 
Compact Filter 


P. O. Box 180, Maple Road, E. 
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...Another good reason 


for switching to 
Scott Wipers! 


Becuus a clean, fresh one is al- 
ways available—Scott Wipers pro- 
vide a constant source of clean 
chip-free wiping material. 

Scott Wipers are sanitary and 
disposable. They greatly reduce 
the costly scratches and digs in 
finished work caused by chips 
lodged in wiping materials. They 
end the laundering problem and 
simplify distribution and control. 
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Scott Industrial Wipers are two- 
ply and tough yet soft and absorb- 
ent. Compare them with whatever 
wiping material you’re using now 
—for cost, for convenience, for 
performance. 


The Scott representative or dis- 
tributor in your area will be glad 
to help you set up a production 
line demonstration in your plant. 
Call him or mail this coupon today. 


Scott Paper Company, Dept.AM-B, Chester, Pa. 
Please send me full information on Scott 


Industrial Wipers. 


Name 
Position. 


Company 


OOO accseenteensnerecerenp ee SESE 
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New IMPCO ‘‘Automated’’ Machinery 


SPEEDS 4 tomatic DRILLING, CHAMFERING, 
COUNTER-BORING, BURRING, and POLISHING 





Are your faced with production prob- 
lems requiring special machinery? 
Here are 3 profitable IMPCO solv- 
tions to specific production problems 


























acai 


IMPCO Backchamfering Machine 
Backchamfers 10 carrier bolt holes on inner 
back flange face of automobile rear axle 
housing at the rate of 280 PCS PER HR. 

Axle housing is transferred to the machining 
station, backchamfering tools automatically 
swivel in position to chamfer the holes, retract 
and return to starting position. Part unloads 
automatically. 


IMPCO Polishing and Wire-Brushing 
Machine 
Automatically polishes bearing diameter, de- 
burrs shoulder, and automatically wire brushes 
oil grooves of automobile transmission shaft 
at rate of 720 PCS PER HR. 

Completely automatic. Spindle runs con- 
tinuously. Abrasive cloth automatically indexes 
for each operation. 


IMPCO Automatic Drilling Machine 
Loads, drills, counter-bores and burrs auto- 
mobile valve-lifter parts at rate of 2800 PCS 
PER HOUR to a tolerance of .0015”. Hydrau- 
lically indexed table. Machine cycle entirely 
automatic, or hand-controlled, as required. 











Find out how IMPCO engineers IMPCO Model 1-8 
can serve you. WRITE TODAY. Vertical Mill 


INDUSTRIAL METAL PRODUCTS CORPORATION 


Builders of IMPCO Straighteners, the American HEB Pilot Lathe, 
and Special Machinery 
3400 W. ST. JOSEPH STREET LANSING, MICHIGAN 
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12 STATION INE-0-DEX 


oe 


12 Station Transfer Machine—Hydraulically operated index- 
ing mechanism—operations include drilling all angular oil 
holes plus connecting metering holes. Machine incorporates 
all Avey-draulic Torque-matic Units for Deep Hole Drilling 
with Avey Cam Units and Drill Heads for Meter Hole Drilling. 


Machine conforms to /.1.C. Standards. 
e 


for drilling... tapping... production machines 
THE AVEY DRILLING MACHINE CO. 
Cincinnati 1, Ohio 
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Convert from abrasive 
rotate Mel(>lualelale Mu dal-t-1 03 
to an Elox brass 
wheel and save 50 
minutes sharpening 20 


carbide insert tools. 


728 north rochester road e clawson, michigan 
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QHEFFIELD MACHINE TOOLS 
guard PRECISION in the shop 


Micro-form 
Grinder, Model 121 
grinds high preci- 
sion profiles both 
flat and circular 
directly from large 
scale drawing, sav- 
ing up to 75% over 
conventional prac- 
tice, 


Precision Thread 
and Form Grinders 
—100 Series, pro- 
duce precision 
threaded elements 
and cylindrical 
forms by the 
Crushtrue method, 
the diamond 
dressed multi- 
ribbed wheel or 
the single point 
wheel method. 














vty motorized type Crushtrue de- 
i peas - i os anes g 


standard surface gri 

















The Sheffield 

we Roll 

The Sonicut Cavi- J lan pro- 

tron, Sheffield’s pe mage mag wa 
new Ultrasonic duction use whi' 

Machine Tool, ma- worn rolls are en- 

| chines the hardest route to Sheffield 

metals and min- 


Gear and Spline 
De-burizers — 


“ erals known to 
, &= mantoany desired 
thickness or shape 
with selected sur- 

tace finish. 





Gear and Spline 
Chamfering Ma- 
chines chamfer, 
burr or recess the 
ends of gear teeth 
at high production 
rates—ideal for 
short runs and 
quick changeover, 


Style ““C Gear and oe Saioring Sheffield is prepared to produce 


precision 
23 machines have two c and formed parts on 
two workheads for mass ‘act to augment your owp manufac- 

manufacture. turing facilities. 





Write for Engineering Data on any or all of these tools identifying 
them by key numbers in the white squares. 


Division P.P. 55 The Sheffield Corporation 
Dayton 1, Ohio, U.S.A. 
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THE FELLOWS 





Max. Face Width 7 ext. 
Strokes per Min. Max. 


No. 4 No. 8 No. 11 
FINE PITCH “FULL-TOOL” INTERNAL 


Spur_and Helical ae ae — 
External and Internal | _&xonty | yes |i 
Max. Pitch Diameter te} te *ee Max. Pitch Diameter 


Max. Diametral Pitch 
__ Max. Face Width af 1” 12 to = = 


Max. Spread _ Max. Spread of | Centers 12 inches 


Also 12”, 18” and 24” machines for externals only 





\ 














7-TYPE* 7A-TYPE No. 10 ROTARY 120-INCH 


both a bot 


yes yes 


7” spur, 6 1/2" hel. 7” spur, 7“ hel. 120 inches 
6 spur, =n hel. ~ spur, 6 hel. 3/4 spur, 5/7 hel. 3/4 spur, 5/7 hel. 3 spur, 4/5 hel. 2 spur, 4 hel. 


450 450 500 300 300 148 


No. 4 Fine-Pitch No. 8M No. 20M No. 12M Involute No. 12H LEAD 


RED LINER RED LINER RED LINER MEASURING MEASURING 
FOR COMPOSITE CHECK INVOLUTE CHECKING LEAD 
CROWN & TAPER 

















BURKE BENCH MILLERS 
».. for most efficient 
machining of small parts! 


Here’s the horizontal miller that combines 
unmatched accuracy and low cost! 
Two power feed tool room models and 
two hand feed production models permit 
rapid handling of a wide variety of 
small parts and freeing big millers for 
larger jobs. Numerous attachments and 
accessories provide even greater 
versatility and speed. Detailed literature 
on request. 


Find out how fast, accurate and economical small milling can be! 
U. S. Burke milling machines provide outstanding quality, 
dependability and convenience in operation . . . for hundreds 
of dollars less than leading competitors. Investigate U. S. 

Burke time and money-saving performance now! Write 

The U. S. Burke Machine Tool Division, 

6 Brotherton Road, 

Cincinnati 27, Ohio 


U.S.No.1HAND MILLING MACHINE 


... half the cost, twice the value! 


A top-quality precision production tool .. . priced so 
low it’s actually profitable to spot it around “looking 
for work” that can be kept out of the milling section. 
Accurate, rigid, simple and adaptable. Easily equipped 
with air-hydraulic feeds for high production. 


Detailed literature on rquest. ‘ \ 


\ 


*C- Burke 
THE MACHINE 


\ 





ee 
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paACITY 
VERSATILITY 


\GipitY 


... ACCURACY * 


More for your money in the new 
U. S. VERTICAL 
MILLING MACHINE! 


U. S. Vertical’s balanced rigidity is the key 
to profitable production. Make the same 
comparison made by hundreds of plants. See 
why they find the U. S. Vertical to be the 
low-cost mill they demand. New “U. S.”’ 
features include hard chrome plated 

quill, precision honed head and overarm 
bosses; and a quick change collet draw 

bar. Write today for complete details. 

The U.S. Burke Machine Tool Division, 

6 Brotherton Road, 

Cincinnati 27, Ohio. 

*Accuracy Certified! 





Check list showing results 
of actual inspection tests 
accompanies each 


machine. 


8 ee 
IME VOL 


FEATURES 7) od 2 Oj | ey Wale], b- DELIVERY, too! 


ie f/~ 
Orr £ ONL ; Compare 


{ 


sol Lolaret te Mal-toloMelaleMuloliols U. S. VERTICAL 
Tul elibite Mm ol-liers oltre Mautelilel lite Table Size Vy" x 36 


Conveniently located Revateliit- ate matte) 24" a 
reversing switch Cri Bead 93%" addition permits 


. our new plant 


edge) i-voit-toMl dil-\-Mre [tel alae! nen Seni 16" CHECK THESE us to promise and 
MV) of g(atoh (tobe t-o] (to Ml olel | Meol-tol glare; Quill trove 5" AGAINST 


Built-in spot light Dovetail Depth 1%" x 1" = 


deliveries 
wi COMPETITION! ° 
Swing-out Tool-Keeper & Veritenl Screw 1%’ did ‘ 
\ 


Guaranteed close tolerances* Weight 1600 Ibs. ; \ 


fulfill prompt 


alelgel-tal-toMelile Me lceltileM tele Vdhisiiiteed 0”. 12" pe 


) r min. 
ogee Ce) ilelilel 








TTalalathicl bam Zelalel eo) cd) 


«S-Bur 
THE MACHINE TOOL DIVISION 
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ELMIRA.NY 


HARDINGE 


Model HCT 
Chucking Machine 
with Production 
Threading Head 


Also Model HC 
Chucking Machine 
without 
Production 
Threading Head 


HARDINGE 
Model DSM 59 
Second 
Operation Machine 


ALL MACHINES 
Feature 
HARDINGE Preloaded 
Ball Bearing Spindle 
Construction for 
High Speeds 


HARDINGE HARDINGE 
Model TFB Model DV 59 


Power Feed Lathe 
Turning, Facing 
and Boring Machine 


propucrion macuines P'PNMIIGA Too 








f) z, ’ 
ROOM MACHINES 


HARDINGE 


Model HLV 
Tool Room Lathe 


HARDINGE 


Model UM 
Universal Milling Machine 
Also 

T Plain Milling Machine 















GEAR & SPLINE 
PRODUCERS: 


new methods 
cut costs for YOU 


Automation of gear production is here. Standard Michi- 
gan gear hobbers, gear shavers, and gear speeders can 
now be equipped with hopper feed. Gravity or belt 
conveyors carry the gears from one operation to the 
next. Automatic centers load and unload the work 
without human assistance. 












The old bugaboo of scrap gears is being dealt with by 
gaging all gears automatically with the Michigan gear 
gaging system as they are produced. Oversize, under- 
size or off-lead gears are shunted aside. Gear production 
machines can be either shut down for adjustment or 
automatically adjusted for correct center distance when 
as few as two consecutive scrap gears are produced. 
Automation speeds up sound testing on Michigan gear 
speeders to assure quiet gears. All this cuts scrap loss, 
increases production, prevents tie-ups, and cuts man- 














power requirements. 








Write for information on these cost cutting methods. 






Splines can now be formed automatically 
up to thirty times faster by Michigan's 
*ROTO-FLO spline roller. Superior qual- 
ity helical or straight splines can be pro- 
duced at a significantly lower cost. Ask 
for bulletin RF-54. 











*Potent Pending 


7171 E. McNICHOLS RD. + DETROIT 12, MICHIGAN, U.S.A. ren 





American Machinist « MID-NOVEMBER, 1954 BS! 








Many over-age surface grinders now being 
used simply cannot measure up to the pre- 
cision tooling needs of modern, efficient 
plants. 

If you're operating one of these over-age 
grinders it's time you changed grinders. 














SREY CN LOM ET > 
st 


IN NOW FOR REPLACEMENT ) 


wilh REID 
GRINDERS 


REID — the choice of industry for precision grinding 





EASIER OPERATION 


. finger-tip level controls eliminate stretching and 
bending, lessen operator fatigue. And, electrical controls 
are fully visible, yet protected behind a transparent 
shatter-proof panel. 


BETTER SURFACE FINISHES 


. . . hand scraped ways for smooth running; a motorized 
spindle turning on pre-loaded bearings, to eliminate 
wheel chatter, produce ground pieces with visibly finer 
surface finish. 


. all mechanical units built around rugged one-piece 
column casting to insure permanent alignment of cross- 
slide saddleways and vertical headways. Column is 
mounted on heavy cast iron base for maximum rigidity 


and freedom from vibration. 


hes Se . . . in both initial cost, and continued, trouble-free opera- 
Be ready for today’s competition tion, Reid grinders are quality engineered throughout to 
and a profitable future — provide accuracy and dependability. 


with REID GRINDERS 


see our cataleg in 
MACHINE ... 6" x 18% x 17%” (from center of spindle to work- 
thy, table). Choice of four models: either hand feed table, or 
wees for power feed table with speed variable from 12 to 35 
* iad feet per minute. Complete accessories for wet or dry 
Please recuest Catalog 618-1A grinding and special operations are available. 





Reid Brothers {f{]}} Company, Inc. 


ECE Galt 


BEVERLY, MASSACHUSETTS 


1955 Production Planhook 








MACHINE TOOL CO. 


SPRINGFIELD 7, MASSACHUSETTS 
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lire et CamAction 


IN THE NEW STYLE 312 EX-CELL-0 
PRECISION BORING MACHINE 


Ne N@lalin |: 








TABLE “a 
‘ 
BLE TABLE CAM 
FOLLOWER 
__ 
‘ 
\ 8 : 
, WAS Oy 
te \ 
Qrtat ‘ 


DETROIT 32, MICHIGAN 


MANUFACTURERS OF PRECISION MACHINE TOOLS © GRINDING SPINDLES 


CUTTING TOOLS ¢ RAILROAD PINS AND BUSHINGS ¢ DRILL JIG BUSHINGS 
¢ AIRCRAFT AND MISCELLANEOUS PRODUCTION PARTS © DAIRY EQUIPMENT 











—> i of —] Mle Mote) jife)-7-walel. 

































20 Ibs. oll 
pressure # 





IS NECESSARY WITH 
A CUT LIKE THIS... «ff 





SO p.s.i. system includes 50 micro filter, settling basin and 
reservoir, Transmission runs submerged in oil. 


This tremendous cut demon- 
strates the extra ied-valeidal 
rigidity, and power in Cincin- 
pat-te Mite) at-0 ol-) ¢-Pae GamE-U cto Ee (beste) at 
strates the: ability of the 5O 
p.s.i. lubrication system to de- 
velop and maintain’ =i) films 


Toate (=> ad at-W al-t-biat-y-1 ae cel-Vo le 


Write for Catalog N-6. 








Demonstration cut. 
Actual size steel chip, 2” cut .030” feed 
Cincinnati 24” H.D. Shaper. 





The Electro-Magnetic Brake and 
Clutch, with finger tip control, 
is a Cincinnati feature for speed 
and ease of operation. 














CINCINNATI 25, OHIO, U.S.A. SHAPERS « SHEARS « BRAKES 








Cleereman Jig Borers 


Cleereman Drilling Machines 


Cleereman Upright Sliding Head Drilling Machines 
have earned a reputation second to none for precision, 
production and performance. 


Cleereman Layout Drilling Machines are the ideal 
solution for filling the gap between drilling machines 
and jig borers on tool and production work with normal 
precision tolerances. 


Cleereman Jig Borers are unexcelled for ultra-pre- 
cision, operating facility and long life. 


NOW. .. at the touch of a button 


the new Cleereman “Series A’ Upright Drilling 
and Tapping Machine automatically cycles. Quick 
set-up, universal adaptability, and the power to 
produce are basic features. Power rapid traverse 
approach and return to the spindle boost operating 
efficiency. Now, on multiple heads, gang drills or 
single spindle machines even small lot production 
can be handled with high volume ease. 


Contact your local Cleereman distributor for 
catalog giving complete information, engineering 
data and specifications, or write direct to Cleereman 
Machine Tool Co., 640 West Washington Blvd., 
Chicago 6, Illinois. 

















CLEEREMAN NOW 


produces 


the NEW 
“SERIES A’”’ 


AUTOMATIC 


DRILLING 
AND TAPPING 
MACHINE 


Affiliated 


CLEEREMAN 
MACHINE TOOL COMPANY 


Green Bay, Wisconsin 


Builders of Precision Jig Borers 
and Drilling Machines 








B-L-H MACHINE TOOLS <‘2 





NILES VERTICAL BORING 
AND TURNING MILLS— 
10’ 12’ 14’ 16’ 20’ 30° 
and 43’ (shown above) 


HAMILTON DIVISION 
HAMILTON, OHIO 


BALDWIN- LIMA 


1955 Production Planbook 





for modern speeds and automation 





ruggedly for lasting precision 


LES HEAVY ENGINE LATHES— 
D”, 50, 60", 72, 84", 96" and larger sizes 


- HAMILTON 
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BORING MILLS 
ENGINE LATHES 
RAILROAD TOOLS 


MECHANICAL PRESSES 








For full information on these B-L-H 
Machine Tools see our 12-page 
catalog in Sweet's Machine Tool 
Catalogs ... or 


Write us for your free copy. 





Fully Automatic Yer NsM steele 


offers 
new low costs 


on gears 





16 pitch or finer 


As more and more gear operations 

are modernized to place them on a 
competitive basis, automatic gear 

hobbing equipment becomes an essential 
approach in reducing gear costs. 

Since 1937 Barber-Colman engineers 

have been working closely with major 
gear producers in the application of 
automatic gear hobbing. At first, auto- 
matic hobbing applications were made in 
the watch geor and instrument fields. Later, 
machines were built for medium pitches in 
other fields, such as fishing reel gears. Now 
this latest Automatic No. 6-10 Hobbing 
Machine is designed specially for cutting 
automatic transmission and speedometer gears 
to meet the required rate of production 

on an automatic production line. 


High-Production Plant Reports Savings 
In Unit-Costs with Fewer Gear Rejects 
In this particular production plant, fewer gear 
rejects are occurring. An overall reduction in cost 
per gear has been effected through reduced 
man-hours and continuous high-speed output. 
One of a battery of machines performs 
as follows: 


Automatic 356 Hob RPM, 175 Hob SFM. 
Cycle — .050” feed per rev., 60-second 
complete cycle time. 





Transmission 16 teeth, 18° 30’ helix 
Gear — angle 18 DP., SAE 1330, 
.937” OD. x %". 


Class C \ 1%” dia. x 3” face x %” 
b 





Accurate bore, 3 threads, unground, 
Unground Ho pre-shave. 


Completely Automatic Cycle Provides Continuous High-Speed Gear Cutting 

Blanks are automatically loaded through a hopper-feed system and positively located and clamped 
hydraulically on a solid arbor in cutting position. The cycle sequence includes rapid traverse to the 
hobbing position, lowering of the work slide to cutting depth, hobbing the blank, raising the work slide, 
rapid traverse to the right, and unload. A new blank then is automatically presented for hobbing and 
the cycle repeated continuously until the machine is shut off. 

Machine features include automatic hob shifting for greater tool life and metered hydraulic pressure for 
positive arbor mounting and ejection. Rapid traverse is actuated electrically, and the work slide 

is hydraulically actuated. 


aes § ie ER 3 oO F 2 eo oS: oe 
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Adaptable to Wide Range of Long-Run, 
High Speed Gear Production. 


This type of cycle arrangement is adaptable to many 
similar long-run gear cutting operations within the general 
range of 16 pitch and finer, depending upon the particular 
gear specifications. The cycle is arranged to suit the 
requirements of the job, and tooling, feed, speed and 
cycle-timing will depend upon the required production 

and gear specifications. 


Positive Control Over Gear Accuracy 


Through Automatic Arbor Loading. 


Barber-Colman automatic hobbing supplies positive gear 
accuracy control through specially developed tooling which 
mechanically mounts blanks solidly upon the work arbor 
prior to cutting. This arrangement eliminates chances for 
looseness, runout or vibration likely to occur in other types 
of mounting. Work arbors are designed for positive 
pick-up and location of the blank. 


Cycle Fully Protected by Automatic Stops. 


A combination of electric limit switches, program motor 

and mechanical movements governs the cycle. Faulty 

blanks are automatically rejected if presented for hobbing, 
and the machine is under complete control at all times. 


Rear View Showing Automatic Loader 
and Elsctrical Panel 


Engineering Service Available 
Without Obligation 


Check your high production gear 
operations to determine whether you 
are maintaining a competitive cost 
basis. Barber-Colman engineers will 
gladly consult with your gear 
production people to demonstrate the 
cost-saving benefits of automatic 
hobbing. Ask your Barber-Colman 
representative to arrange an 
appointment for you, or write 
directly to Automatic Hobbing 
Engineering. No obligation! 


1944 


Close-up of Automatic Loading 


HOBS ¢ CUTTERS e REAMERS 
HOBBING MACHINES 


roa) Barber-Colman Company 


HOB SHARPENING MACHINES HTM TE ences. ornces ano ruagt, 0111 n00x seer, nooxvor, nots 


® 
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Cut Costs and 
Increase Efficiency with 


HELLER 


MACHINE 


COMPANY 


114 LIBERTY ST. 
RADIAL DRILLING MACHINES ) NEW YORK 6, N. Y. 


Heller Radial Drills are built in 21/2 Importing Heller Machines Since 1926 








foot, 4 foot and 5 foot types witt 

. 16° diameter column and com 
plete hydro-electric control. We 
also offer Column Drilling Ma- ° 
ell tame late Mam @relale Mag of Mame ldl fate 


machines. \ 
_ 7 J} ty 
1 i i 
= - é 
, 





COLD SAWS 
sIler gtves you complete 


vice with exactly faelag-tai 








AUTOMATIC SAW SHARPENING 
MACHINE 
Heller Blade Sharpening Machines are 
built in five sizes for 2%" to 120” diam 
eter saw blades. 
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HELLER 


MACHINE TOOLS 












LONG BED 
TYPE MILLING MACHINES 


ng Bed ype M ne 








HARPENING MACHINES ° SAW BLADES * TRANSFER MACHINES * SPECIAL MACHINES 


Time to ‘g Milling Costs! 


No. 2-20DS 


Double Spindle 
for two milling 
sporetions at 
same time... 
Ne. 1-8 table travel . . . 
8” table travel... 42” x 12” table. 
25” x 9” table... 
automatic hy- 
draulic table feed. 


20” table travel... 
42” x 12” table.. 
fully automatic 
hydraulic table 
feed. 


No. 1-14DS No. 1-14 


Double Spindle for - ¥ 
een hae ten fable. travel =.= by- 
” te aie aoe draulic table feed . .. 


. 14” cable travel i 
oe S32" & oF cable. full automatic cycle. 


No. 1-V No. 2-20V 


20” table travel... 
vertical spindle 
with speed range 
32 to 1284 R.P. 
Me 1s SE" 2UZ” 


Hydraulic ver- 
tical head feed 


9” table. cathe. 


No. 1-M 


Hand feed to 
table and head 
25” x 9” table 
... Adjustable 
head counter- 
balance. 


KENT-OWENS REPRESENTATIVES Kent-Owens machines assure you of speed with accuracy... 
and cut your milling costs! Designed with advanced features 

BOSTON HAMILTON, ONT MILWAUKEE PITTSBURGH _ 4 
FF. Barber Mach’y Four Scares Mach'y Comonag Barney Machinery \-ompsay . . . performance-proved fcr meeting tough schedules in 
avcmens The Sate: ee Compeny 8. W. Schiele Machinery Co production milling. Rugged .. . simple . . . versatile. 
7 ae eee we < ENGI. cn Twin-post head mounting assures balanced load. Greater 


DAES cot co, liver He Van Hora Co, Fas, ee MONTREAL A cutting efficiency—only two gear contacts, motor to cutter. 
C. H. Gostger Mach'y Con Phin ig pon ney J meena: i fie MP gs Write for bulletins on wide range of hydraulic and hand- 
A.C Waberhorn Mach'yO©n KANSAS CITY oe ee an ** — peOwsm Machy Commer  perated machines. Also, let Kent-Owens design and build 
FT WAYNE SOOT TS Hiaecingion Wilson Brows g » TORONTO.ONT. =: your tooling and special machines. Kent-Owens Machine 


Onis Machinery Co. 


LOS ANGELES + . 
GRAND RAPIDS Germaia PHILADELPHIA WINDSOR, UNT Co., Toledo, Ohio. 
¢ show Mache 


loveph Monahsa Mach'y Co. chinery Company #.F. Barber Mach’) Compeay 


Call on 
KENT-OWENS 
for Milling Wachines 


General Machinery Corr 
>m pany 


G 
ny 
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® PLANING 


Double Housing 
and Openside Types 








ee 






@® BORING 
5” to 8” Bar Floor 
and Planer Types 








® MILLING 


. Double Housing and 
Openside Unit Head- 
Planer Types 























- A GRAY will cut your costs! They’re ‘all 

designed for, heavy \ duty carbide 

machining and high precision serv- 
ice. Write for Bulletin! 56. 

















ploners * milling planers 
ta C4 Cred | planer type milling machines 
: horizontal boring machines 


CIMCIMMATI 7,0H1I0. U.S.A 
SOLD IN CANADA BY UPTON, BRADEEN AND JAMES, LTD. * SOLD IN LATIN AMERICA BY MACHINE AFFILIATES 




















PR way 


Whatever your yardsticks—sustained accuracy, 
operator convenience, long life, work per hour, 
or earning power per square foot of floor space 
—you'll find Cincinnati Gilbert’s advanced con- 
struction features provide long range paying 
investments. On your next purchase of radials or 
horizontal boring mills check with your nearby 
Cincinnati Gilbert representative 


Rotary Table: (/eft) Worm driven with power 
rapid revolving. Hand adjustment made with dial 

on worm shaft reading in minutes, Dial type 
indexing, 36” and 50” square or round. Bulletin B54 
Universal Table: (right) Five sides of a cube can 

be machined at one setting of work piece. 

Sizes: 22” x 22” and 27” x 27" top. Bulletin BSO 
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a 





Horizontal Boring Mill: Compound 
rectangular table type. Head travel: 36” to 
72”. Bed: 84” to 120”. Spindle diameter: 
31" or 334”. Write for Bulletin 953- 
Compound built-in rotary table types also 
furnished in comparable sizes: Bulletin 348. 


Horizontal Boring Mill: Floor type. 
Head travel: 36” to 96”. Column traverse: 
36” to 168”: Spindle diameters: 31/." or 
33/,". Can be equipped with floor plates; 
boring bar supports; stationary, 

sliding, or built-in rotary tables; revolving 
columns, and special arrangements. 

Write for Bulletin 954. 








Radial Drilling Machine: 9” and 11” 
columns. Centralized, “comfort level” 
controls, 12 speeds, 6 feeds, Twelve basic 
features make these the most modern 
radials you can buy. Write for Bulletin 349. 


THE CIN CINWNWAT SEI 


GILBERT 


MACHINE TOOL COMPANY 
3366 BEEKMAN STREET © CINCINNATI 23. ONLO 








RIGHT: “The Gilbert revolving column boring mills, 
together with the very accurate Goodrich follower, 
make possible the machining of deep cavity, steep side 
dies complete in one position of the work piece,” says 
Mr. Ed Miller, president of the Lansing Tool & Die 
Co. “It is also possible to machine cupped ends or 
reverse curves without having to move the job.” Such 
work can be done only on a Gilbert. 


BELOW: Gilbert table type boring mill, showing 
extended saddle with outboard supports. This provides 
extreme rigidity when working with pieces of unusual 
size or shape. 





LEFT: Ryan Aeronautical Co. cut machining time 
from two days to two hours and halved their initial 
investment when they used Gilbert radials to machine 
stainless steel aft frames for jet engines. Specifications 
demanded tolerances of .005” and finishes of 63 RMS. 


WRITE FOR LITERATURE: Nineteen more case 
stories are documented in Bulletin 1049. Descriptions 
and specifications on other Gilbert equipment are 
available in several new bulletins. Write for copies, 
or call your Gilbert representative. 


THE Cine N NAT I 


GILBERT 


MACHINE TOOL COMPANY 
33668 BEEKMAN STREET © CINCINNATI 23, O18 








GUSHER 
COOLANT 
PUMPS 


FOR EVERY REQUIREMENT 


In Types and Capacities Up to 200 G.P.M. 


GUSHER COOLANT PUMPS—chosen as standard equip- 
ment by leading builders of every type of machine tool— 
are available in many types and sizes to fill practically any 
coolant need. There’s a Gusher Pump to meet most re- 
quirements as to type of intake, discharge, location on 
machine and pumping capacities. Regular line includes 
these motor-driven models: Immersed type; outside 
mounted, pipe connected type; outside flange mounted 
type with internal or external discharge. Also belt-driven 
models, shaft driven type, plain drive attachments. 


Check these features: Extra rugged construction. One 
piece shaft (no couplings) for vibrationless rigidity. No 
packing nuts, no metal-to-metal contacts, no relief valves, 
no auxiliary strainers needed. Permits continuous handling 
of grinding compounds, grit- or chip-laden coolant without 
harm to mechanism. Automatic priming gives split-second 
coolant delivery in exact volume desired. Minimum main- 
tenance. 


A—Pipe connected—Horizontal L intake at bottom, 
vertical discharge. 


B—Flange mounted—intake and discharge through 
flange separately.* 

C—Pipe connected—side intake with vertical discharge. 

D—Flange mounted—gravity intake external horizontal 
discharge. 


E—immersed type with twin intake horizontal dis 
charge. 


F—Flange mounted with discharge through inlet.* 


“Eliminates external piping. 





THE RUTHMAN MACHINERY COMPANY 
1800-1823 Reading Rd. Cincinnati, Ohio 


“THE COOLANT HEART FOR A GOOD MACHINE GUSHER COOLANT PUMPS” 
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GIDDINGS & LEWIS MACHINE TOOL 


FOND DU LAC, WISCONSIN 


YEARS —en 


Whether you visit plants in the United States or overseas, 
you'll find literally thousands of Giddings & Lewis heavy- 
duty machines in operation today — performing efficiently 


and economically on many big and small jobs. 


Over 96 years of engineering and manufacturing skill are 
incorporated into G&L’s complete line of high-powered, 
precision-built horizontal boring, drilling and milling ma- 


chines, double housing and openside planers, planer-millers 


gineering, design and 
manufacturing experience 


and vertical boring mills. 


In addition, Giddings & Lewis is one of the select few in 
the machine tool field who also manufactures tools and 
accessories. A complete tooling service of standard and 
special boring tools and accessories, as well as machine set- 
up equipment for a wide range of operations, is available. 

For complete information, see your G&L representative 


today, or write direct to factory. 





Modernize Today tor more 
capacity, versatility and precision 


Horizontal boring, drilling and milling machines 


PLANER TYPE 


Table type machines are built with 3”, 4”, 5”, 6” and 7” diameter spin- 
dles. Available in Model 300, also 30 and 50 Series machines in 10 to 
50-hp range with plain or built-in rotary tables. Featuring also a wide 


selection of feeds and speeds. 


Unusual adaptability makes these machines one of the most versatile 


tools available today. 


Floor type herizontal boring, drilling and milling machines are avail- 
able in 30, 50 and 70 Series. Models with 5” to 12” diameter main 
spindles . . . 20 to 100-hp motor drives. Also, an unsurpassed choice of 


accessories and attachments are offered for these machines. 


Built for rigidity and ability to transmit power smoothly to the cutting 
tools, G&L Planer Type Horizontal Boring, Drilling and Milling ma- 
chines are available in a complete line. Models include 5” to 12” diame- 
ter spindles in 30, 50 and 70 Series . . . 40 to 100-hp range. Also 


Quick Change spindles are optional on all machines. 


Speed and feed ranges are suitable for present-day materials, whether 
using high speed steel or carbide tools. Wide selection of attachments 


are available. 


Vertical turning and boring mills 


Many new design improvements are incorporated in Gidding & Lewis 
Vertical Boring and Turning Mills. Built-'n machine accuracy, ease of 
control and greater flexibility make it possible to perform boring, count- 


er-boring, turning, chamfering, facing, grooving and recessing operations. 


Available in 12 standard models with table capacities ranging from 


42” to 12 ft., and motor drives up to 100 hp. 





Select from Giddings & Lewis 
complete line of heavy-duty machines 





Hypro openside planers 


Built for high production requirements, either light or heavy-duty work, 
Giddings & Lewis Hypro Openside Planers are designed for holding 


close tolerances and greater accuracy at higher speeds. 


In addition to performing a broad range of work, openside construc- 


tion simplifies setup of unusual and difficult workpieces. 


A complete line with table capacities from 30” to 96” and motor 


drives in 15/30 to 100/150-hp range is offered. 


Planer type milling machines 


Manufactured in 30” to 144” table capacities and in horsepower ranges 
to meet specific requirements, Hypro Planer-Millers are adaptable to a 
broad range of production milling operations. They are capable of per- 
forming a series of machining cuts simultaneously with different size 


cutters, yet maintain overall accuracies. 


These machines offer a wide range of feeds and traverses obtainable 
only with Hypro electronic drives. All classes of cutting tools can be 


used, including carbides with negative rakes on any type of material. 


Hypro double housing planers 


Machining large, heavy castings or weldments is done quickly and 
economically on G&L large-capacity Double Housing Planers. They are 
designed for extra-heavy duty and use of alloy and carbide tools. Ample 
power and rigidity is built into these machines for heavy rough and 


finish machining at maximum speeds and feeds. 


Double housing units are available with 36” to 144” table widths 


and main motor drives from 25 to 100-hp. 


Also available are frog and switch planers in 42”, 48” and 56” 


capacities. 





DAVIS BORING TOOLS... 


Now you can standardize on one complete line of modern tools to meet your needs 


Now is the time to standardize your shop with a complete 
line of Davis boring tools. You can obtain a “Complete 
Tooling Service” from a world-wide sales and service organ 
ization. For prompt and immediate assistance, a large staff 
of design engineers and field servicemen are prepared to help 
you in selection of standard and specially-designed tools. 


You can select from a full line of standard boring tools 


MICROMETER STUB BORING TOOL sets, consisting ot 
precision-made stub boring bars that are accurate to .0001” 
adjustments, are offered for almost immediate delivery. Bor 
ing bars range from 3g” to 7” diameter. Ten standard sets 
to choose from . . . equipped with high-speed steel cutters. 


Other cutters furnished on request. 


BORING BARS are available in a wide range of sizes for 
square and block type cutters. Block cutters are quickly in- 
serted and locked in accurate position with a taper locked 
screw. Micrometer adjustable cutter blocks and boring heads 
for obtaining bores up to 50” diameter are offered for 


mounting on boring bars. 
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— plain and micrometer adjustable block type boring tools; 
line boring bars; special boring tools; car wheel boring 
i § 


tools; Quick Change arbors and sleeves. 


To solve your tooling problem, consult a Davis engineer- 


ing tool service representative, 


If Davis can’t bore it, it can’t be done! 


DAVIS 8-POSITION TOOL HOLDER (a) is highly adapt- 
able for boring, facing, turning and chamfering. Recom- 


mended for all types of vertical boring and turning mills. 


MICROMETER EXTENSION BORING HEAD (b) with ad- 
justments for any bore from 914” to 50”, is used with 
boring bars on horizontal machines. Allows you to make ac- 


curate adjustments on several cuts taken on the same bore. 


BLOCK TYPE CUTTERS are available in single and double 
adjustable types. Boring range from 34" to 17”. Solid cut- 
ters and specially designed multiple type cutters are, in most 
cases, interchangeable with regular blocks. Multiple type 
cutter blocks can be furnished with two or more sets of 
cutters for boring, counter-boring and facing. These are 


built to suit requirements. 


GIDDINGS & LEWIS MACHINE TOOL CO. 


LAC, WISCONSIN 


s Builders of the world’s finest heavy-duty Horizontal Boring, Drilling and Milling Machines — table, floor and planer type; 
re Hypro Double Housing and Openside Planers; Planer Type Milling Machines and Vertical Boring Mills; and Davis Cutting Tools. 
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swo Unequal Parallel 
Areas Ground in 
ONE Operation 





Heavy stock removal...close iim | indexes 
tolerances...high production! 


Job Data N id >» — oscillates’ 
MACHINE | Gardner No. 204-40" & 36” : ' oe iy 
Vertical Double Spindle Grinder. rotates = \ Y 


PART | Aluminum torque converter 


| housing. 
90 per hour, both sides. 


stock removat | .070"' overall. (Rough & finish Grinds by * 
in one operation.) a 


PRODUCTION 


Bey vet ste MM spat stosho)(-Mo) MOT-tecbit-) mebativet bere, 


‘ 


ER 


toverances | .002”’ for flatness; .002"' for 


* parallelism; .010” for uniformity. 
aprasives | 2 Gardner Yellow Rim Wire-Lokt j 
| Dises. 
GARDNER MACHINE COMPANY {| 


410 Gardner St., Beloit, Wisconsin, U.S. A. 
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Holding the Price Line ! 
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COST OF LIVING 


























COST OF A BRIDGEPORT 


The main objective of “BRIDGEPORT” is to build a machine 
versatile enough to perform normal as well as unusual and 























tricky operations such as those required in present day pro- 
duction .... at a price that will enable large and small industry 


alike to take advantage of its inherent and exclusive advantages. 


With quality and accuracy a prime consideration and never sac- ‘Prices nae sang Miers 
quatity a cy ap a day use had increased no more than the 


rificed to achieve a low selling price, we believe you will be in- price of the “BRIDGEPORT”... . 
terested in what has been made possible through modern tool- __...you could buy the following today... 


° . ° ° ... Qt these prices... instead of these 
ing and machinery plus a cooperative supervisory and labor aiilles sean $18,008 


force in holding the price line of “Bridgeport Millers” over the Automobile 913 2,046 
Food .... i 1,500 


past 16 years. The chart reproduced here tells the story far apport. 280 500 


better than words Fuel, Electricity 224 300 


Ask your dealer ... or us ... to show how by “holding 
the price line”, shops both large and small have been able 
to modernize their production through the more than 
20,000 “BRIDGEPORTS” shipped in the past 16 years. 


ehort MACHINES, INC. 


Bridgeport, Connecticut 


Manufacturers of High Speed Milling Attachments and Turret Milling Machines 
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TUBE MILLS... 
SMALL TUBING + LARGE >PE 
ST AUMLASS “UNBIING 
..» SWAGING 
MACHINES 
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TUBE CUT-OFF 
MACHINES ee i 
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THE MACHINE COMPANY 


Lower costs through greater rate of production is the by-word at Etna. 
Regardless of your requirements for swaging machines, tube mills and tube 
cut-off machines, Etna engineers have the know-how to affect a better 
answer. For more than half a century, the Etna Machine Company has 


progressively developed a sales and service organization that today stands 


ready to give you prompt and efficient service . . . anywhere in the world. 


Write, call or wire regarding your specific job problems. 





Tiny watch gears, pinions and ruby 
Hardened steel machine tool ways, bearings —flat and parallel—to a 
234" x 344" x 50”, ground on 6 dimension tolerance of .0002”. 
sides, flat within .001” with 
surface finish of 5 micro- 
inches — 5 times faster . 
than other methods! i To 3 micro-inches and flat 
within one light band. 


Die plates, 84” across corners 
and perhaps 24” thick, 
holding flatness 

to .001”. 


Every day, parts like these are ground accurately and rapidly 
on Blanchard Surface Grinders equipped with Blanchard 
Abrasive Wheels. They’re ground economically too—at costs 
which help you set competitive prices. 

Send a sample of your parts 
for free test grinding and recommendations. 


Send for your free copies of 
ee ” 
d € ° 
NO. 18 BLANCHARD SURFACE GRINDER Work Done on the Blanchar 1 
fourth edition, and “The Art of 


PUT IT ON THE BLANCHARD Blanchard Surface Grinding”. 
THE BLANCHARD MACHINE COMPANY 64 STATE ST., CAMBRIDGE 39, MASS., U.S.A. 
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a Operator of 72” KING at The Tool Stee] 
Gear & Pinion Co., Cincinnati, 
“It’s the most solid, smoothest-running 
machine I’ve ever operated!”’ 





says 


72” KING at the Kaydon Engineering 
Corp., Muskegon, Michigan, ‘‘consist- 
ently produces large diameter, thin sec- 
tion bearing rings with a maximum 
eccentricity of .001". 
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Massive proportions and extra-heavy construction 
give all KING machines the rigidity essential for 
fast work with consistent precision accuracy. A 
wide range of speeds and feeds, plus simplified con- 
trols, make the KING adaptable for all types of 
boring, turning, and facing work—light or heavy, 


AMERICAN 


3 Profit:Wise 
American Industry Chooses 


VERTICAL BORING & 
[ @-l/i> TURNING MACHINES 
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72” KING at Combustion Engi- 
neering-Superheater, Inc., Chatta- 
nooga, “‘produces more work than 
the former output of two other 
mills combined.” 


120” KING at The Akron Standard 
Mold Co., Akron, “turns out work 
even faster than we anticipated . .. 
has increased production on large 
size tire molds by 25% .”’ 


large or small. KING machines are made in ten 
sizes—30”, 36”, 42”, 52”, 62”, 72”, 84”, 100”, 120”, 
and 144”—and in a variety of head combinations, 
with or without side head. Complete details will 
be furnished promptly on request. Contact your 
authorized KING distributor, or write to us direct. 


FOUNDRIES 


KING MACHINE TOOL DIVISION 
Vertical boring € turning machines . . . \\S0 TENNESSEE AVE., CINCINNATI 29, OHIO 
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NOW! A packaged ventilating system 
for machine tools! 








NEW 
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REMOVES OIL MIST 
AT ITS SOURCE 


Electro-Staynew Mist Collectors are specifically de- 
signed to be mounted on or near high speed machine 
tools. These Dollinger-engineered, electrostatic filters 
draw contaminated air from around grinding or 
cutting operations, remove over 90% of the oil mist 
and smoke, and then return clean air to the shop. 
Look at these exclusive advantages: 
@ UNIT CONSTRUCTION—lonizing and collector cells are 
combined into one unit; thus only one unit to service. 
EASE OF INSTALLATION—needs only electrical and 
duct connections. 
DEMOUNTABLE COMPONENTS— all components can 
be removed easily without tools. 
ADVANCED SAFETY FEATURES — assure complete 
protection of personnel. 
MINIMUM MAINTENANCE—designed to be prac- 
tically self-cleaning. 


For complete information, write today for Bulletin 420. 


POLLANGER 
FLECTROSt Ani 


AiL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 


BI06 


DOLLINGER 


CORPORATION 1 © 93 Centre Pk., Rochester, N. Y. 


ASSEMBLY 


REMOVABLE 
FILTER 


IONIZER- 


CHIP 
SCREEN 


F 
~~ FON returns electronically 


Clean air to shop 


Filter Provide. 
Nias Laan Gir distribution 


Particles 


S uniform 
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Chip Screen 
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Oil-laden 
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Oil reservoir 
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THE R. K. LeBLOND MACHINE TOOL COMPANY 


founded in 1887, is the world’s largest builder of a:com- 
plete line of lathes. LeBlond’s 67 years of machine tool 
experience, plus the facilities of a plant that turns out 
76 lathe models, assure you that you will get the right 
machine for your particular needs. LeBlond’s complete 
line ranges from the 13” Regal to the 50” Heavy-Duty. It 
includes Sliding and Plain Bed Gap lathes; Hollow 
Spindle lathes; Dual drive lathes; Tool Room 

and Rapid Production lathes ; Crankshaft 

and roll turning. For the right lathe 

for your job call LeBlond. 








LEBLOND HEAVY-DUTY ENGINE LATHES are famous 
throughout the industry for their stamina, speed and sim- 
plicity of operation. These rugged, dependable lathes 
are used in machine shops of every size, in every indus- 
try all around the world. LeBlond Heavy-Duty lathes 
are built in 12”, 14”, 16”, 20”, 25”, 32”, 40” and 50” swing 
sizes. For more detailed information, see the next four 
pages. 


WORLD’S LARGEST BUILDER OF A COMPLETE LINE OF LATHES 
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HEADSTOCK 

The headstock design of 
LeBlond’s Heavy Duty 
Lathes incorporates the 
free-running principle with 
hardened and ground steel 
gears. This means that 
fewer gears are in mesh 
at any given spindle speed 
to minimize no-load fric- 
tion horsepower. You get 
more smooth power for 
your production work, 
longer life from your 
LeBlond Lathe. 
ONE-PIECE APRON 


LeBlond apron design fea- 
tures a one-piece double 
wall casting. This con- 
struction assures accurate 
alignment under heavy 
strain. It incorporates a 
positive-jaw feed clutch 
with a single lever for both 
cross and length feed. All 
bearings in the apron, cross 
slide and the front and 
rear ways of the bed are 
lubricated by a_ positive 
“one-shot” system. 

QUICK-CHANGE BOX 


An oil-tight case encloses 
the gears of this auto- 
matically-lubricated feed 
box. No operator attention 
is required. 60 feed and 
heen changes are avail- 
able. The quadrant gear 
and all shafts are mounted 
on anti-friction bearings; 
all gears are heat-treated. 


REGULAR EQUIPMENT 


Hardened and ground replaceable 
steel bed ways, front and rear. 
Two cabinet legs; Small face plate; 
Compound rest with resent dirt 
guard; No. 1 tool post assembly; 
Chasing dial; Single automatic 
Jength stop; Drill sleeve with tan 
driver; Shear wipers; Centers an 
necessary mivachen: Machine ar- 
ranged for motor drive. 


EXTRA EQUIPMENT 


Hydra-Trace duplicating attach- 
ment, Taper snaleiink Chip pan; 
Steady rest; Follow rest; Large Face 
Plate; Turret tool block; Pump, pip- 
ing and tank; Connected rests; 
Plain block rests; Positive and auto- 
matic length stops; Single or mul- 
tiple pone cross stops; Coarse 
threading attachment; Metric trans- 
posing gears. Power rapid traverse 
is available as extra equipment for 
the 16” and 20” lathes. 





APACITY 

Bwing over bed carriage wings 162” 20%" 

Swing over compound rest 9%" 13%" 

Distance between centers, base 30” 30” 
enter distance increases in increments of 2 24” 24” 

Size of forged tool Ya" x h" Ye" x1" %"x 1%" 

Size of tool holder Ya" x 1%" hy" x 1%" he" x1h%" 


EADSTOCK 
Spindle speeds, number 24 24 24 


Spindle speeds, rpm, (12” and 14”) 25, 33, 44, 53, 60, 68,79, 91, 106, 126, 137, 167, 189, 224, 246, 290, 330, 400, 430, 
520, 590, 697, 910, 1250. 


Spindle speeds, rpm, (16”) 16, 22, 30, 35, 40, 49, 59, 66, 82, 87, 113, 129, 145, 181, 190, 248, 265, 318, 355, 415, 
470, 580, 775, 1010. 


Spindle, size of center, Morse No 4 4 4 
Spindle nose, American Standard taper key LI Ll L1 
eadstock, length on bed 23%" 23%" 28%" 


ED 
66" 6/6" 7 '3" 

idth across ways 14%” 14%” 17” 

' 11%" 11%” 12%." 


seco 
Bearing surface, square inches 87 87 128 
Bridge width 6%" 6%" 7%," 
ross slide travel 12%" 12%” 11%" 
ompound rest travel 2%" 2%" AM" 


EED-THREADS 
Feed and thread changes 
Feeds, range 


hreads per inch, range 
Leadscrew diameter, threads per inch 


AILSTOCK 


60 60 60 
.0021” to .126” 0025” to .152” 


2 to 120 1 to 60 
1%6", 4 1%6", 2 


3 3 4 
10”,1” 10”,1” $9°%, 4° 


OTOR RECOMMENDED 


7 Ya hp, 1800 rpm 15 hp, 1800 rpm 
4 284 326 
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EIGHT*—FLOOR SPACE (base length) 
Net weight, lbs 
Floor space required 


4700 4900 6400 
95" x 42" 106” x 48” 


*with a normal complement of accessories | 
} 








HEAVY-DUTY FEATURES... 


SPINDLE 


HEADSTOCK The spindle on the 25” & 32” 
The headstock design of cat duty bpd — by 
LeBlond Heavy Duty our anti-friction -arings; it 
Lathes incorporates the toca’ pos ese the 
free-running principle with dc. + 4 — ped ae. | 
hardened and ground steel e. Weight drag is reduced, 
gears. This means that 
fewer gears are in mesh at 
any given spindle speed to 
minimize no-load friction 
horsepower. You get more 
smooth power for your 
production work, longer 
life from your LeBlond 
Lathe. 


THRUST-LOCK 
TAILSTOCK 


This exclusive LeBlond de- 

sign incorporates a worm 

and rack construction, puts 

the handwheel at a con- 

venient angle to the oper- 

ator. It provides a positive 3 
el 


safety lock against thrust. a ™ 
Travel is exceptionally 
long. Even when the spin- 


dle is extended, ik is HEAVY-DUTY GAP 
supported by the full LATHES 

length of the tailstock. LeBlond Gap Lathes are built 
HARDENED AND m 18", 4", 16", 20°, 2: 
GROUND STEEL BED and 32” sizes. With remov- 
WAYS able gap. block, capacity ma’ 
Standard equipment, front be greatly increased, w 
and rear, the shears are with unusual a o 
hardened to 62 - 65 Rock- large diamete ges accom: 
well C (600 Brinell). They modated . 

are fitted to conform to : 

LeBlond’s tested and 

proven compensating vee- 

way principle. 


cutting pressure and wear de- 


creased. 
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CAPACITY 

Swing over bed and carriage wings 

Swing over compound rest 

Distance between centers, base 

Center distance increases in increments of 
Size of forged tool 


HEADSTOCK 

Spindle speeds, number 

Spindle speeds, standard 32 speed head 
Spindle speeds, standard 36 speed head 
Spindle speeds, standard 36 speed head 
Spindle, size of center, Morse No 

Spindle nose, American Standard taper key 
Headstock, length on bed 


Length, base 
Width across ways 


CARRIAGE 

Bearing surface, square inches 
Bridge width 

Cross slide travel 

Compound rest travel 


FEED—THREADS 


Feed and thread changes 

Feeds, 

Threads per inch, range 

Leadscrew diameter, threads per inch 


TAILSTOCK 


Center, Morse No 
Spindle travel and set-over, right or left 


MOTOR RECOMMENDED 


en: CO NS Oo be ae ee 


WEIGHT*—FLOOR SPACE (base length) 


Net weight, Ibs 
| Floor space required... . 


*with a normal complement of accessories 


22%" 30%” 3442” 
14” 19"%" 23%" 
48” 48” 60” 
24°: 24” 24” 

wy" x1" hy" x1%" Tae 


267%6” 
17%’2" 


335 
12” 
17” 
5%" 


60 48 48 
.004-.250 .004-,250 .004 to .250 
1 to 60 % to 46 % to 46 

1%”, 2 2%6, 2 


5 6 6 
2c, 9", FF 77,2" 


Y 


15to20hp 20to 50 hp . 25 to 60 hp 
1200 rpm , 1800 rpm 1800 rpm 
365 405 ' 405 


10,200 | 17,900 | 22,700 
130” x 67": 150” x 80%"; 150” x 87” 
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We have been building 
“cost-cutting” Work Handling 
and Transfer Equipment 
(now called Automation) 

for over 25 years. 

This experience can 

help make your manu- 
facturing costs lower 

than your competitors. 


SENECA FALLS MACHINE CO. 


SENECA FALLS, N. Y. 
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SUCCMUISMSNeem These two machines, working 
as a team, perform an average of 3879 operations 
per hour, machining 102 interchangeable parts 





CAST IRON OIL PUMP 


Machine 27 operations from two directions. 17¢ per part 





450 HOLE 490 HOLE MILL FACE 
Sta. 2H Drill thru Sta. 4H Drill thru Sta. 1V Rough mill 





Sta. 11H Ream Sta. 12H Ream Sta. 3V Finish mill 





» GEAR POCKETS (2) 
Rough Bore and 





Semi-finish Bore 





and Square Bottom 
Stas. 5H, 6H, 8H, 9H 























D 4 HOLES |/4-24 - 
Sta. 2H Tap-Drill 2 
Sta. 4H Tap-Drill 2 F 
Sta. 10H C’sink 4 Al < 
Sta. 13H Tap 4 


127 pieces 
per hour gross 
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AUTOMATIC, DRILLING 
AND TAPPING MACHINES 


for Low-Cost High Production 
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The blueprint tells only part of this Kingsbury story. 
The rest is told in Keene, New Hampshire, in one of the 
most modern machine tool plants in New England. 
Here Kingsbury engineers study your part specifica- 








but it is never built “from scratch.” 
holding fixtures, specially designed for each part, are 
developed from a background of years of experience and 


Even the work- 


knowledge of what is required for accuracy and 


tions — for your Kingsbury must do the ai Gl safety — and what works. Every mechanism 
operations you require at the rate you name. a i has been tested in field service. Standard 
Each Kingsbury machine is custom-built, * if rr ~— Kingsbury bases, drilling, and tapping units, 

5 * ‘ w: ; i 
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142 pieces 
per hour gross 


_ 






Nicks 
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4A, 5A, 6A Drill 
\ \ . 








MILL FACE 
Sta. TVA Mill 
Sta. 7A Ream. 





Machine 






y 266 /.276 HOLES (2) @ MOUNTING PADS 
Sta. 2A Drill :250 thru 


10 operations from three directions. 10-6/10¢ per part 


~—~@ .437 HOLE 
Stas. 8A Drill thru 


Sta. IVA Rough mill 


267 Sta. 3VA Finish mill 

















indexing mechanisms, lubricating and cutting-oil sys- 
tems, electrical and mechanical controls ... all are 
coordinated in an automatic machine which must per- 
form correctly “first time round” — and year after 
year in your plant. Perhaps our mental attitude has a lot 
We are 


to do with the success of Kingsbury machines. 


American Machinist e MID-NOVEMBER, 1954 


specialists. Since 1918 we have built more than 5,000 
Kingsburys and we know what a Kingsbury can do. 
When we tell you a Kingsbury can do your job to your 
satisfaction, we’re ready to prove it! 


KINGSBURY MACHINE TOOL CORP. 
108 Laurel Street, Keene, N. H. 
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All machining opera- AC Chuck-Type Acme-Gridley 
SV ou? tions are in a fixed se- fvrret Lathe—rated 
° quence — automatically é : 


timed and controlled. Machining is done at 
the surface speed best suited for required 
finish and tolerance (using high-speed or 
carbide tooling) because each toolslide is 
independently cammed and selective spin- 
dle speeds are automatically controlled 
during the cycle. 

With automatically controlled cycle oper- 
ation—standard on ALL Acme-Gridleys— 
you get uniform precision on piece after 
piece at the same predetermined machining 
rate at the end of a shift as at the start. 

And because more secondary operations 
can be accomplished in one machine set-up, 
these newest Acme-Gridleys further reduce 
costs through savings in man hours, addi- 
tional machines and floor space. 





% Users invariably get more than double the pro- 

duction of former methods, even though they 5G: 
were using up-to-date equipment. 5 to 1 gains are : ype Acme-Gridley 
not unusual. Some have shown as high as 10 to 1. tic Turret Log OP pale in 
Ask us to help you make the comparison on your jobs. 7 4%" and 52” rated 





THE ONLY COMPLETE LINE O CTION TOOLS FROM ONE SOURCE 








(c — SPINDLE AUTOMATICS - BAR TYPE—Sizes %« to 7%” 
atalogs 4, 6 and 8 Spindle. CHUCK TYPE—Sizes 514 to 12”—4, 6 and 
Spindle. 
[ATIC TURRET LATHES - BAR TYPE—Sizes 314 to 512”— 
Spindle. CHUCK TYPE—12” capacity—Single Spindle. 


The N ’ Mh I QO N A L eemanc « Single Spindle Chucker—12” capacity. 


TOOLS «+ Vers-o-tool Threading Heads + Namco 


NOW ED COMPANY E Collapsible Taps + National Acme Thread Relling Heads. 


170 EAST 13131 STREET © CLEVELAND 8 __NATIC ACME THREAD ROLLING MACHINES 


SPINDLE SCREW MACHINES - Capacities ‘2 to 
? i Acme sole agents and distributors in the U.S.A. for 
p@ British-built automatics. 





ontrolled cycle time 


BAR and CHUCK-TYPE FULLY AUTOMATIC TURRET LATHES 


TIME SAVED 


ON THESE ACTUAL JOBS 
ON MODEL MC CHUCK TYPE 


(Total floor-to-fioor time for 
1st and 2nd operations) 








Finger Holder Body Master Collet Blank | Bearing Retainer 


| 6%" dia. Semi-Steel 6” dia. 4160 Steel (SolidSlug) | 9%” dia. Lumen Alloy 
Time per piece— former method 39.2 minutes 98 minutes 17.3 minutes 


| Time per piece— MODEL MC.. _ ____11.2 minutes 35.4 minutes | 6.0 minutes 


Seti 28 min. Se MG 62.6 min. — Set'i 11.3 min. 












































TIME SAVED 


ON THESE ACTUAL JOBS 
ON MODEL M BAR TYPE 











Sleeve 4 x 3%” long Whirl 3%. x 4%” long —s|_—PPilot Stud 15% x 6” long 
1112 Steel _ Leaded Open Hearth Steel _ A-4615 CR Steel 











“Time per piece—former method | = 30 minutes 21 minutes 17 minutes 














Time per piece— MODEL mM. we Res 61 minutes — of 5.7 minutes. ; 7.5 minutes 


ing 15.3 min. Saiieg 9.5 a 





























ABRAS(VE 


i 


ACH of these high-speed, high-accuracy Abra- 
E sive Surface Grinders is the leader in its field. 
The Abrasive No. 1% hand feed grinder is the tool- 
room favorite. The No. 1218 Hydrabrasive Surface 
Grinder is “tops” for production and high-output 
gauge grinding. 

Features of Abrasive No. 1% include: big 
capacity (15” long x 10” wide x 12” high); utmost 
simplicity for quick set-up and fast production of 
short-run jobs; unit bed construction for maximum 
stability; conveniently located handwheels; optional 
location of elevating handwheel on either left or 


right side of wheelhead. 


The No. 1218 Hydrabrasive Surface Grinder 
provides: hydraulic, high-speed table feeds, adjust- 
able from % to 90 ft. per min. with %” of crossfeed 
in %th of a second; special backlash eliminator 
which assures that a movement of .0001” on the 
crossfeed handwheel equals .0001”’ movement of the 
saddle; unitized design of hydraulic and mechanical 
components for easy accessibil:ty and maintenance; 
conveniently located electrical contro: panel which 
fully meets J.1.C. codes. 

We will gladly send you complete details on 
both of these modern surface grinders. Write for 


illustrated catalogs. 


ABRASIVE MACHINE TOOL COMPANY 
8 Dunellen Road, East Providence 14, R. I. 


ABRASIVE QUALITY IS REFLECTED IN THE FINISH OF YOUR PRODUC 
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@ Abrasive No. 1'2 Hand feed Surface Grinder — table 
work area 10” x 15” — nearly 50% more work surface 
than any comparable hand feed grinder. 


@ No. 1218 Hydrabrasive Surface Grinder — wide cross- 
travel (12) and moderate table length (18”). A great 
grinder wherever precision transverse adjustment is 
required — in the manufacture of gauges, dies, fine 
instruments, and other high quality grinding 
applications. 


OTHER ABRASIVE PRODUCTS: 

No. 3B Horizontal Spindle Surface Grinders 
No. M34 Vertical Spindle Surface Grinders 
18” Face Grinder 

No. M3 Motorized Spindle Surface Grinder 
No. 5 AWF Internal Finisher 

Model GC Circular Graduating Machine 


Accessories for wet or dry grinding 
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; J5koa | 
_ Automation Line 
: 4 Performs 555 Operations | | 
on V-8 Cylinder Blocks 
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100 pieces at 100% efficiency. 


Operations: 265 drilling, 6 milling, 21 boring, 
56 reaming, 101 countersinking, 106 tapping, 
and 133 inspection. 


104 stations: 1 for loading, 53 for machining, 
7 for part handling, 6 for mechanical inspection, 
36 for visual inspection, 1 for unloading. 


5 independent machine sections with provision 
for banking parts between each section; master 
automatic cycle for operating all 5 sections 
simultaneously. 


Automatic independent transfer mechanism for 
each machine section and automation units for 


THE 


DETROIT 





handling parts from machine section to machine 
section. 


* Capacity for removing work piece at every 


station. 


* Automatic air pressure test for high pressure oil 


holes and automatic depth inspection for all 
holes before tapping. 


* Pre-set tooling throughout. 


* Other features: Coolant system for tapping sec- 


tion, complete interchangeability of al’ stand- 
ard and special parts for easy maintenance, 
construction to J.I.C. standards, hardened and 
ground ways, hydraulic feed and rapid traverse, 
automatic lubrication, automatic chip disposal. 





Established 1898 


co. 
, MICHIGAN 


7 
Speccal MACHINE TOOLS 





Range: 36 inches O.D. blank 
down to a fraction of an inch. 
Maximum capacity between 
centers: 80 inches. Special 
machines have been built to 
handle diameters up to 6 feet. 
Shown above is External 
Geargrind Machine, model 
GG10X48A. 





for Formgrinding Parts Like These .. 


Actual operating experience shows: these automatic 
Geargrind Machines will equal or exceed the continuous 
production rate of other similar-purpose machines. And, 
they will do a greater variety of work: aircraft, automo- 
tive, machinery, etc. 


Gears, splines, and specially contoured parts of all kinds 
are turned out quickly, accurately on versatile Geargrind 
Machines. 


The complete line of machines pioneered 
and developed over 45 years by Geargrind 
is described and illustrated in the new 8- 
page catalog. It’s yours for the asking— 
write on your company letterhead, please. 






GEARGRIND 


THE GEAR GRINDING MACHINE CO. 
3919 CHRISTOPHER, DETROIT 11, MICHIGAN 


E2 











American Machinist 


— 


for high speed non-ferrous milling 


Onsrud A-24 Milling Ma- 
chines . . . high HP, high 
speed milling heads, remove 
metal at rates up to 242 
cubic inches per minute. 
Table feeds infinitely vari- 
able from 11” to 215” per 
minute, 3,450 RPM horizon- 
tal head pivot mounted for 
contour milling with profile 
bar control, Write for Bul- 
letin 1139. 





Onsrud A-245 Fiuid Feed Milling 
Machine . . . mills non-ferrous 
parts 100% to 600% faster. Power 
table feed in all directions. May be 
operated manually without stopping 
hydraulic system. 3,600/7,200 RPM 
spind . . « infinitely variable 
0 to 150 IPM table feeds. 


Onsrud A-42 Profile Milling Ma- 
chine . . . equipped with famous Onsrud 
coordinated feed system to give high 
speed profiling without slow-up or stop- 
ping. Makes any type of profile cut on 
aluminum up to 2” thick. 


Onsrud A-242 Duplex Milling Ma- 
chine . . . mills parallel faces on work 
at one time, using end milling cutters. 
A high precision machine, built with 
one, two, or more motors as specified. 
Write for Bulletin 1128. 


Onsrud A-18 Rotary Table Profile 
Milling Machine . . . dual table de- 
sign permits loading while second table 
is in operation. For continuous produc- 
tion. Write for Bulletin 1124. 


There’s an Onsrud high speed, high HP, fast feed milling 
machine for every type of non-ferrous milling . . . to 
meet the requirements of every type and size of produc- 
tion part. Your inquiry is invited. 


ONSRUD MACHINE WORKS, INC. 


3922 Palmer Street Chicago 47, illinois 


the fastest machines in metal working 
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Thy them 
on 


your Tough 
jobs first 


The toughest job in the shop is the 
real test for cutting oils. And we 
want you to know how good these 
Atlantic Cutting Oils are. 


So try them on your tough jobs: deep hole drilling, threading, difficult mill- 
ing. You'll notice results that you perhaps never had before: Long tool life, 
superior finish, cool work, freedom from foul odors, ability to see the work 
right through the oil. These oils are compatible when blended even down 
to the heaviest grades. 


Your operators will like these new oils, too. Because they don’t ind :libly 
stain hands or clothing. They mean a cleaner shop — something everybody 
will appreciate. 


Atlantic engineers have prepared a valuable new Cutting Oil Selection 
Chart. It shows how to select the proper cutting oil based on cutting oil 
efficiency rather than chemical composition. Get your copy. Write your 
nearby Atlantic office listed below, or The Atlantic Refining Company, 


ATLANTIC 260 South Broad St., Philadelphia 1, Pa. 


PROVIDENCE, R. 1., 430 Hospital Trust Bidg. SYRACUSE, N. Y., Salina and Genesee Sts. 
READING, PA., First and Penn Aves PITTSBURGH, PA., Chamber of Commerce Bidg 


LUBRICANTS - WAXES 
PROCESS PRODUCTS 


B|24 1955 Production Planbook 

















CTION MACHINERY 





This is an example of a Vertical-type Special- 
purpose Four-station Automatic Indexing Machine 
designed and built to perform a number of im- 
portant operations on connecting rods for an 
automobile engine. 


GREENLEE Automatics are also made 
for second operation work, an ex- 
ample of which is shown here. 
Collets are used on these machines 
for gripping the work, with capac- 
ities the same.as the bar machines 
in both 6-spindle and 

4-spindle models. 


MULTIPLE-SPINDLE DRILLING, BORING, TAPPING MACHINES ” 


GREENLEE Automatic Screw Machines are 
made in several standardized types and 
sizes. The regular bar machines are 1”, 
1%”, and 2” capacities in 6-spindle models, 
and 1%” and 2%” in the 4-spindle 
models. GREENLEE Automatics have a 
number of distinctive features which help 
to lower costs on both long-run and 


short-run jobs. 


AUTOMATIC 


SCREW MACHINES 





Since 1935 GREENLEE has pioneered in the design 
and manufacture of Automatic Transfer Machines 
widely used in the big mass-production factories. 
The example shown here is a comparatively 
small and compact six-station machine which 
performs a group of operations on the ends and 
head faces of a V-8 cylinder block. Some of the 
bigger GREENLEE Transfer Machines will do several 
hundred operations in a cycle time of less than 
half a minute. 


+ AUTOMATIC TRANSFER MACHINES 














The Arter Family of Machines 








> Ca 











CARBIDE a FS FY CYLINDRICAL 
TOOL P\ ~ ~~, G GRINDERS 
GRINDERS  — ot ae - 





INTERNAL 
GRINDERS 


ROTARY SURFACE GRINDERS chuck Capacity 8” to 40” 


The Arter trademark on these machines is the sign of 
ACCURACY « POWER e DEPENDABILITY. 
Tell our engineers your grinding problems. They'll find a way to lick them. 


ARTER GRINDING MACHINE COMPANY 


WORCESTER ¢ MASSACHUSETTS 


Agents in industrial centers of United States and Canoda 
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D Applied Experience 


To Save You Money 
EDLUND Drilling and Tapping Machines 


Modern design — customer shop proved for increased production . 
longer tool life . . . greater accuracy . . . faster work handling. 


EDLUND Vertical Motor 
Cone-Pulley Drive——Model B 


The complete line of EDLUND 


machines and years of practical 
Edlund Model B machines in te the best ‘ : i 
7 ie nearnorete He Se engineering experience offer a 


principles of design and rugged construction : 
for fast production at low cost. Single and solution to even the most complex 


multiple spindle machines. Practical drilling and tapping problems. 
Edlund attachments. Ample table 
space for efficient work handling. EDLUND Motor Spindle 
ard and spindle speeds for your Model MS 
individual operating 
requirements. A motor spindle high speed drilling machine 
with the rigidity essential to accuracy 
and long life. Built for general 
production and tool room service. 
All running parts ball bearing mounted 
and of rugged Edlund construction. 
Made in single and multiple spindle 
machines. Motors coupled directly to 
spindles meet demand for 
no-belt drive machines 


EDLUND Variable Speed 
Model 2F 


The greatest advance in drilling 

machines in the past 25 years. 

Infinitely variable speeds result in 
production increases of twenty-five 
percent and more. Speed changes selected 
instantly without stopping. Longer tool 

life and increased production. One 

to eight spindle machines 

available. 


EDLUND 
Cam Feed Units 


For vertical, 

angular and horizontal 

drilling operations. 

Infinitely adaptable to meet 

unusval production probleris and drill at 
angles from main machine operations. 
Cam Feed Units step up product'on, cut costs and 
applications are limited only by the ingenuity of 
either your or our engineers. 


For detailed specifications on the 
EDLUND Line of Drilling and Tapping 
machines write for Edlund Bulletin G 53 


Dealer Representation in Major Cities 


MACHINERY 
FOLUND toon 
Cortland, New York 


Affiliated with Precision Castings Co., Inc. Division Bradley Edlund Corp. 
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MOTCH & MERRYWEATHER Circular aera jacking: 


to cut off every size and shape of stock, ferrous or non-ferrous. 


No. 00-G Auto- 


matic cuts off stock — No. 2-A. Cuts off stock up to 

up to 3" diameter, Sh r. 6” diameter; fully automatic. 

straight or atangles ~~ i Accurate lengths, square, 

up to 45°. ' milled finish ends and re- 
duction of second nr 
lower cost per cut. _ 


Motch & Merryweather TURNING MACHINES 


Automatic 
Forming Machines 





Vertical Turning, 
Boring and Facing Machines 


Single- or double-spindle. Multiple tool blocks eet fed 
with automatic sequence for maximum metal rem 











FOR PROFITABLE PRODUCTION THROUGH DESIGN 


Duplex Production 
Milling Machine. 
Face mills both 
sides of tractor side 
bars. Up to 268 


Weight-balance 
milling machine 
unitizes weighing 
and subsequent 
metal removal. 
Face mills weight 
boss on each end 
of automotive con- 
necting rod. Up to 
300 pieces per 
hour. 


‘pine MONONA AC ROOM TIE LIRR I rate 








Cut-off operation simultaneous with double-end machining. 
Models for stock 2” through 6” diameter, lengths 8” through 


40”. Many forms and combinations of double-end machining. Unusual combination of machining operations in one 


unit: drill, countersink, broach, cut-off, chamfer. 


Tae Woven & WERRTWERTHER VARCRINERY To. 


MACHINERY MANUFACTURING DIVISION 
CLEVELAND 13, OHIO 


Builders of Circular Sawing Equipment, also Production Milling, Turning, and Special Machines 











Roughing and finishing 
Single Square Threads. 





Finishing Double Square 
Threads, simultaneously. 











Roughing and finishing 
Double Square Threads. 














THE “L1” is the most versatile of any 
threading Lathe, for the production 
of Square, Standard and 29° threads, 
internal or external . . . and it does it 
faster, better — AUTOMATICALLY! 


Without obligation, con- 
sult our engineers with 
your specific threading 
problem, Catalog and 
machine specifications 
available upon request. 





(Coulter 


i 

i 
Machine Co. . BUILDERS 

I 


Machine Tool 


635 Railroad Ave. Bridgeport 5, Conn. Since 1896 
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BOYAR- 
SCHULTZ 


ILLINOIS 
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URGENT YOU SEE THE NEW BOYAR=SCHULTZ 







HYDRAULIC SURFACE GRINDER IMMEDIATELY 





FO a 
rs ee 







ONLY $1380* SEE YOUR NEAREST 


hE 






DEALER TODAY 















LOW COST investment brings you 
the latest development in a 
6 x 12 Surface Grinder. 















ACCURACY SECOND TO NONE 
— comparable to that of 
larger, more costly machines. 








STURDINESS-— maintains close 
tolerance precision over long 
production runs. 


















New Hydraulic valve, designed 
and developed by Boyar- 
Schultz engineers, affords 

perfect reciprocating longi- 

tudinal movement. 
















*including stand—other accessories 
optional at additional cost. 





BOYAR - SCHULTZ coxror'stion 






2010 South 25th Avenue, Dept. C-M, Broadview, Illinois 
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Costs 


The one sure way of meeting today’s competi- 
tion is with today’s machine tools. The older 
machines were all right in their day but they 
just haven’t got what it takes now. 


= For instance, it too 
this old Red Ring Model 
GCC 60 seconds to shave 
a gear like the one shown. 


— 





Model GCU today finishes 

that same gear in just 16 

seconds—and to much closer 
tolerances, ae 


‘In an 8 hour day the GCU 
will deliver 375% of the 
production of its predecessor. 


SPUR AND HELICAL 
GEAR SPEAWALISTS 


ORIGINATORS OF ROTARY SHAVING 
AND ELLIPTOID TOOTH FORM 


Va NATIONAL BROACH & MACHINE CO. 


5600 ST. JEAN DETROIT 13, MICHIGAN 


WORLD’S LARGEST PRODUCER OF GEAR SHAVING EQUIPMENT 
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This WALKER-TURNER @20” 
OVERHEAD DRILL PRESS SET-UP 
saves handling time. . . cuts costs 


Wherever large or heavy parts or units are to be worked, 
this set-up—utilizing a WALKER-TURNER DRILL HEAD 
with its special ball-bearing carriage traveling along a boom 
—can save handling time and costs .. . bring new produc- 
tion economies. Special set-ups like this make it possible ORPORATION 
to get WALKER-TURNER precision drilling (either hand Sie 


32° DRILL PRESSES—Hand and Power Feed * RADIAL DRILLS * Wood and 
or power feed) at surprisingly low cost. Metal Cutting BAND SAWS ® TILTING ARBOR SAWS ® RADIAL SAWS 
UG SAWS * LATHES ® SPINDLE SHAPERS * JOINTERS ® BELT and DISC 

SURFACERS ® FLEXIBLE SHAFT MACHINES 


SOLD ONLY THROUGH TRAINED INDUSTRIAL DISTRIBUTORS 


Almost Unlimited Application 


WALKER-TURNER Drill Huads may be used for 
almost unlimited applications. The illustration i to write for full details and specifications. 
left shows a set-up in daily use performing Walker-Turner Division, Kearney & Trecker Corp. 
as a radial drill of extra large capacity, Dept. AMI11, Plainfield, N. J 
Horizontal and angular mountings—in single : seats . 
units or in batteries—are making substantial (Please write your name and address in margin of page) 
savings for hundreds of manufacturers. 
For complete information, write your name 
and address in the margin of page. 


a 





how much does an openside shaper cost? 





rockford hydraulic-driven 36” openside 


Get this handy time calculator for use in estima.ing 
machining time for shaping and planing operations. 


Request on company letterhead will bring one promptly. 








- that you can buy the 36” Openside Shaper for 
little more than the cost of a ram-type shaper. 
Yet the 36” openside offers the advantages of planer 
accuracy and easy set-up, in addition to production 
flexibility. The standard machine complete with 
electrical equipment can be bought for as little as 
$9,035.00. Side head, hydraulic tool lift and other 
accessories are extra at popular prices, Similar machines 
are also built in 48”, 60” and 72” table lengths and priced 
accordingly. Consult your Rockford Machine Tool Co. 
representative for full details or write direct. 


ROCKFORD MACHINE TOOL CO. 





2500 KISHWAUKEE STREET ~ ROCKFORD, ILLINOIS 
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‘'THE WAY TO TURN’’ 








IN TURNING METHODS! 


PILOT 


COMPLETELY AUTOMATIC 


fijh Yo HYDRAULIC COPYING LATHE 


























No. 2 MOORE JIG BORER, with 
its accurate lead screw set- 
tings within .0001”, offers 
all the time-proven preci- 
sion features associated 
with Moore Jig Borer con- 
struction for 20 years, plus 
numerous labor-saving 
advantages, including: in- 
creased capacity and size; 
infinitely variable spindle 





No. 2 MOORE JIG GRINDER. 
With this new and larger 
Moore Jig Grinder, regular 
and irregular contours are 
ground to size and location 
after hardening. This ex- 
tends the Jig Grinder’s 
traditional function of re- 
locating straight and ta- 
pered holes. Holes from 
4” to 8” can be relocated 





and ground within .0001”— 
by power or hand feed. 


speeds; 3 power feed 
ratios; centralized controls. 


Four ways to 

cut costs and 
meet competition 
by mechanizing 


your toolroom. 


MOORE PANTO-CRUSH WHEEL DRESSER speeds form-grinding 
and cuts costs. Both crush-forming and diamond-dress- 
ing are accomplished with this 2-in-1 unit permanently 
mounted on the wheel spindle of a surface grinder. You 
switch from one method to the other without disturbing 
workpiece setting. 





No. 1 MOORE JIG BORER remains in the line. For its range— 
table working surface of 10” by 16” and cuts up to 344” 
—this machine is still an ideal buy. There are over 1300 
satisfied users. We will continue to offer it for the many 
situations where a small, accurate jig borer fills the re- 
quired prescription. 


We'll be glad to send you complete descriptive 
literature on any of these machines. 











MOORE SPECIAL TOOL COMPANY, INC. 
738 UNION AVENUE, BRIDGEPORT 7, CONNECTICUT 





ADD Gi) TO YOUR TOOLROOM 


JIG BORERS + JIG GRINDERS - PANTO-CRUSH WHEEL DRESSERS DIE FLIPPERS - MOTORIZED CENTERS - HOLE LOCATION ACCESSORIES 
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Kearney & Trecker offers you 
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KEARNEY & TRECKER CORP. MILWAUKEE 14, WISCONSIN 











NEW! Designed for Efficiency, Ease of operation and 
Economy, new Model CE milling machines — 7%-hp, 
No. 3 Plain (left) and 3-hp, No. 2 Universal (right) are 
ideally suited for small tool shops, maintenance shops, re- 
pair shops, schools, etc. Built for accuracy, rigidity, capac- 
ity and to the exact standards of quality found in higher 
priced machines. 


ee 
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Shp 24” Model AC 
Vertical with Mono- 
Lever and Automatic 
Cycle Table Control. 


Let’s look at the 
obsolescence picture 


in the 16 


basic industries 


Shp No. 2 Model CH 
Vertical with Mono- 
Lever and Automatic 
Cycle Table Control. 


Of all the machine tools in these industries of 


10-hp No. 2 Model CK 
Universal with Univer- 
sal Ram Head, Model K 
Dividing Head and 
Conventional Lead At- 
tachment. 


machine tools to 1 





20% 26% 54% | 


Agricultural equipment 








33% 44% | 





Const., mining and oil well equip. 


Shp, 24” Model AC 
Plain style with Mono- 
Lever and Automatic 
Cycle Table Control. 





9m 37% 44% 


Misc. machine parts and jobbin: 








33 % 49 % 





Motor vehicles and parts 





32% 


46% | 





38% 58 % 





Metalworking machinery 


Complete aircraft 





35% 37% 





47 % 


i. 51% 





Special Industry machinery 


] 
45% | 





33% 


Aircraft engines, propellers & pai 





54% 30% 


10hp No.2 Model CK 
Vertical with Stand- 
ard Directional Table 
Control. 


50 hp No.4 Model CSM 
Vertical with Mono- 
Lever and Automatic 
Cycle Table Control, 





the types covered by TOOL-LEASE — 18% 
are over 20 years old and 38% are from 10-20 
years old. A breakdown on any of these in- 
dustries will be furnished upon specific request. 


























Machines 
less than 
10 years old 


Machines over Machines 
20 years old, 10-20 years old, 
which should definitely which should probably 
be replaced be replaced 


General industrial equipment 








Railroad equipment 








27% 41% | 36% 4 





6% 





Office and store machines Fabricated metal products 








39 % 48 % 48% 





38 % 





omestic and service equipment 


Shipbuilding, ordnance and mise, 





39 % 


42% | it. 37 % 


52% 





Electrical equipment Precision mechanisms 


Figures for this presentation adapted from 1953 American Machinist's survey of metalworking industry. 


50hp No. 5 CSM 
SIMPLEX bed type 
machine with Quick 
Change Ram type head. 


20hp No.2 CSM DU- 
PLEX bed type ma- 
chine with Quill type 
Pick-off Head. 








Table Control. 


10hp No. 2 Model 
CK Plain style with 
Standard Directional 


30/15hp No. 3 Model 
HS Plain style (High 
Speed—3600 and 7200 
rpm), for milling non- 
ferrous metals. 


50hp No. 5 Model CSM 
Plain style with Mono- 
Lever and Automatic 
Cycle Table Control. 


as well as special 





ret your modernization needs 


ITH Kearney & Trecker’s history-making 3-way 

machine tool marketing-program, you as a 
member of the metalworking industry can obtain 
new machine tools in the way that best suits your 
operating and financial needs. That is by outright 
purchase, conditional sales agreement or by means of 
TOOL-LEASE. Using any one of these methods you 
can select from over 250 standard milling and pre- 
cision boring machines, as well as special machinery, 
enabling you to stop the trend of rising costs, in- 
creasing competition and shrinking profit margins. 
For example, TOOL-LEASE gives you an opportu- 
nity to curtail machine tool obsolescence in your own 
plant with minimum capital expenditure. 

In 16 basic industries, overall figures reveal that 
of the 150,497 horizontal, vertical, automatic, manu- 
facturing and bed-type milling machines as well as 
horizontal and vertical precision boring machines 
— 85,046 or 56% are more than 10 years old. In 
fact, 18% are more than 20 years old. 

Perhaps you don’t realize that machine tool ob- 
solescence is a high-cost luxury for your plant. In 
the metalworking industry alone, the milling ma- 
chines of all types, as well as horizontal and vertical 


For complete details ... 


precision boring machines that are 10 years old in 
design (1940 vintage) average about 65% less pro- 
duction than 1950 models. And the annual cost of 
direct labor alone wasted on these machines is 
estimated to be $168,000,000 per year. Cost figures 
are based on a 40-hour week — 40 weeks a year — 
with $1.25 per hour as direct labor cost, an extremely 
conservative figure. 

For your own benefit, let a Kearney & Trecker 
sales representative give you all the details and 
advantages of the three ways you can obtain new 
Kearney & Trecker machine tools. For example, he 
can show you how Tool-Lease can — 

® Release working capital for production ex- 
pansion. 

© Assure you the services of a machine as long 
as needed avoiding the risk of obsolescence. 

®@ Permit you to judge the machine’s merits in 
actual shop performance without going to 
the expense of purchasing the machine. 

For prompt service and assistance in analyzing 
your plant modernization problems — contact the 
Kearney & Trecker representative in your area. 


Ask for new 64-page catalog KT-54, Tool-Lease bulletin 
TL-10A, and booklet titled ‘Critical Picture of Creeping 
Obsolescence."’ Write or call Kearney & Trecker 
Corporation, 6784 W. National Avenue, Milwaukee 14, 
Wisconsin. Telephone: GReenfield 6-8300. 


Shp M-24 SIMPLEX 
bed type — an excep- 


1200-1800 SERIES 


3hp No. 2 Model CHL 
Universal with Model 
H Dividing Head and 
Low Lead Attachment. 


10hp No.2 Model CK 
Universal with Model 
K Dividing Head and 
Conventional Lead At- 
tachment, 


25hp No. 4 Model CK 
Universal with Model 
K Dividing Head and 
Low Lead Attachment 


Model 2D ROTARY 
HEAD MILLING 
MACHINE transmits 
complete blueprint in- 
to metal without chang- 
ing setup. 


Model B and Model C 
Horizontal and Verti- 
cal boring machines 
combine precision and 
versatility to a degree 
unmatched in their 
field and range of 


tionally versatile pro- 
duction machine, 


DUPLEX 10 hp bed 
type machine, operation. 
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SPECIAL KNEE-TYPE CAM 
MILLING MACHINE built 
for the nation’s largest manu- 


facturer of shoemaking machinery. 


HUGE ore: STATION 
ROTARY EXI 
MACHINE heile for palace 
automotive manufacturer. It 
is equipped with three hori- 
zontal milling heads. 








Kearney & Trecker 
Special 


"HR, 
a » Machine Tools 


Kearney & Trecker’s Special Machinery Division is geared to 

produce special machines according to customer specifications. 

Regardless of your production problem, whether it requires 

a single machine or a transfer line, K&T is prepared to furnish 

you with the equipment you need for milling, boring, drilling, 
reaming, tapping, etc., on a high production basis. 

Write, wire or phone the Special Ma- 

chinery Division, Kearney & Trecker Corp., 

6784 W. National Ave., Milwaukee 14, 

Wisconsin. Telephone GReenfield 6-8300. 





SEVEN-STATION TRAVELING HEAD 
TRANSFER-TYPE MILLING MACHINE, 
engineered and built for an automotive man- 
ufacturer. 








C32 eC Se Oa dae apa OLIVER DRILL POINTERS 


Precision Machines by Oliver of Adrian are backed by 40 years of outstanding 
performance. In thousands of installations throughout the world, Oliver has proved 

the efficiency, accuracy, and cost-cutting productivity of Oliver Machines. Long 4 
lasting Olivers are thoroughly and expertly engineered to give many years of 
dependable service . . . in the future as in the past. 


OLIVER DIE MAKING MACHINES 





Sharpen drills to cut more accurately, 
last longer, and produce more holes. 
Olivers assure balanced cut, with each 
lip doing equal work, eliminating ex- 
cessive drill costs and imperfect holes 
usually traced to improper grinding. 
No. 510 (far right) for drills 4%" to 3” 
—2-3-4 flute. No. 21 hand-operated 
Bench Grinder (right), for drills No. 
57 to 2”. 


OLIVER 20” TEMPLATE 


OLIVER AUTOMATIC 
For tool and die work, TOOL BIT GRINDER 


ps. tian net: FACE MILL GRINDER 


"") patterns, gauges, molds, < ? 
etc. Efficient, speedy and ; 
accurate on sawing, fil- 

ing and lapping operations. 

Available in 5 models. Bench Model S-1 (above 
right)—Single Speed Die Maker for Tool Steel up 
to 1” thick. Heavy Duty Model (above left) has 
6 speeds, works in metal up to 3” thick, has 
variable strokes to 5” with hydraulic feed. 


TIME TESTED... 


COST CUTTING 


This fully automatic, hydraulically oper- 


OLIVER ACE UNIVERSAL 
TOOL AND CUTTER GRINDER 


ated, CAM-CONTROLLED cutter grinder 
handles face mills from 10” to 21” in 
diameter. Machine for smaller cutters also 
available. Equally efficient on High Speed, 
Stellite, and Carbide Tipped Face Mills. 


OLIVER NO. 2 ARC 


Developed for production sharpening of 
single point, lathe, planer and shaper 
tool» (high speed and Carbides). Grinds 
on the periphery of a 20” wheel. Capac- 
ity up to 1%” wide by 134” high tools, 


from 0° to 20° clearance. (Grinds to a 
master template.) 


BE WISE 
fay OLIVER/ZE 


Precision designed machines by Oliver of Adrian 
reduce Toolroom headaches, help substantially to 

intai producti schedul Many Oliver 
machines do net require hard-to-get skilled labor. 
They cut labor costs because of accurate, speedy, 
and easy operation . . . reduce scrap .. . save 
costly tools and cutters. 


FACE MILL GRINDER 


rv 





Write today for complete, illustrated information. 
See our Catalog in Sweet's Directory 





A hand-operated machine designed for pr grinding 

of Face Mills 6” to 26” in diameter. Cutters may be 

, sharpened either with or without radius. Radius may be 

Excels on High Speed and Tungsten-Carbide work. varied from 0” to 2”. 


ephotmemneteemmaend OLIVER INSTRUMENT CO. 


range of cutter grinding. Direct reading for clear- 
ADRIAN, MICHIGAN 


MACHINE TOOLS 

by OLIVER include 
AUTOMATIC ORILL GRINDERS 
TOOL & CUTTER GRINDERS 
DRILL PCINT THINNERS 
TEMPLATE TOOL GRINDERS 
FACE MILL GRINDERS 
DIE MAKING MACHINES 


ances reduces fatigue—saves time on setup and 
grinding. 2 Models: Standard and Heavy Duty 


(illustrated). 1414 E. MAUMEE - 
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| AUTOMATION 
ILSON | 


AN EXAMPLE OF 
WILSON VERSATILITY 


peutomat@e 
5-Statiou 


This special machine automatically 
assembles the bearing caps and two 


bolts into a transmission case. The bolts 
are torqued up to a predetermined 
reading which prepares the assembly 
for boring. 


Both caps and bolts are automatically 
fed, an operator being required only 
occasionally to fill the hopper and 
chute of the machine. 

Production 380 parts per hour at 80% 
efficiency. 

The machine also incorporates a blow 
out station that clears the tapped holes 
prior to the bolt’s entry. All phases 
are automatic. Such applications are 
commonplace in the problems Wilson 
is called upon to solve. 


The Wilson Automation Company is a pioneer in the building of Automation machinery. 
Wilson Standard Automation units and complete, specially designed Wilson installations are 
constantly extending the use of Automation methods to more and more production processes. 


We will be glad to discuss with you how Automation 
can be applied profitably to your specific operations. 


UTOMATION (OMPANY PIONEER 
AUTOMATIONISTS 


1231 BEAUFAIT AVENUE ¢ DETROIT 7, MICHIGAN ¢ PHONE LOrain 8-2988 
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precision Size Control « high Production 
HONING CONNECTING RODS 
with 


BARNESDRIL 


Plugmatic Bore-To-Bore Sizing 
Electronic Hone Expansion 
Extra Deep Stones 








Greater Precision 


Plugmatic gauging members size the work 
being honed. Are self-aligning and are not 
affected by misalignment or eccentric stone 
wear. 


High Production 


Automatic electronic control of hone expansion 
and compensation for stone wear keeps honing 
operation at peak efficiency. Extra-deep 
quick-loading stones provide longer abrasive 
life... quicker stone changes...less ma- 
chine down-time. 


Selected Finish 


With electronic hone expansion control, the § 
finish is accurately determined by the selection 
of the proper rate of feed and grit, grade 
and bond of abrasive stones. 


Increased Stone Life 


“Extra-deep” Plas-T-Clad stones provide more 
usable abrasive . . . positive support closer to 
the cutting edge ... and freer cutting action. 


SPECIFICATION DATA 


Bore: 2.1247” — 2.1252” x 29/32” 
Automatically sized bore-to-bore: within .0005” 
Geometric Accuracy: within .0002” 


: . . m Production: 540 rods per hour ° 
Write or phone for a Ba mesdril honing »\ name ob aban 
engineer to assist you with any honing 
problem. Ask for Bulletin No. 830. 


BARNES DRILL CO. 


$30 CHESTNUT STREET © ROCKFORD, ILLINOIS 
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about 


Thread Rolling 


it will pay you to know 


with Reed Thread Rolling Attachments 
on Automatic Screw Machines 


Reed Thread Rolling Attachments are 
currently built in four popular standard 
sizes and designed to operate in more 
than 300 cross-slide positions on over 
100 sizes of automatic screw machines. 
Each size is adjustable to accommo- 
date an infinite range of work diame- 
ters within its capacity and consists of 
two units . ..a head of compact rigid 
design assembled to an adapter by a 
floating swivel connection. 


with Reed Cylindrical Die 
Thread Rolling Machines 


Reed Cylindrical Die Thread 
Rolling Machines, using three 
dies, have made possible in- 
terchangeable manufacture 
of threads on component parts 
where close tolerances once 
made selective assembly a 
costly requirement. Standard 
vertical and horizontal ma- 
chines provide for a wide 
variety of applications on 
various work diameter capac- 
ities up to 4 inches. 


REED ROLLED THREAD DIE CO. 


THREAD ROLLING MACHINES and DIES e KNURLS « THREAD ROLLS 
Worcester, Massachusetts, U.S. A. 


Sales Offices in: Buffalo, Chicago, Cleveland, Compton, Calif., Denver, Detroit, Englewood, N. J., 
Houston, Indianapolis, Milwaukee, Montreal, New YorkCity, Phila., Pittsburgh, St. Louis, Syracuse, Toronto 
029A 





BI40 








Machining 


A bibliography of '50-'53 AM articles 


Are We Slowpokes at Machining?—Dec 29, ‘49, p55 

Tryout for HS Machining—July 24, ‘50, p72 

Power Declines 2%—Aug 21, ‘50, p78 

How To Cut Costs With Cutting Fluids—Sept 18, 
‘50, pl09 

Friction Sawing vs Hot Spot—Oct 2, ‘50, p62 

High-Angle Milling—Jam 22, ‘51, p32] 

High-Speed Turning—Feb 19, ‘51, pl12 

More On High-Rake Malling—Mar 5, ‘51, p78 

Screw Machine Work On Aluminum—Jan 9, ‘50, 
pl43 

Small Shop Plan Keeps Production Moving—Feb 
6, ‘50, p79 

Shaving Arbor G Deburring Methods Finish Gears 
Faster—Feb 20, ‘50, pll0 

Equipment for Abrasive-Belt Grinding—Feb 20, 
‘50, pli3 

Are Shop Men Scared of High-Speed Machining— 
Mar 6, ‘50, p85 

Three-Company Study Develops New Hobbing Tech- 
nique—Mar 6, ‘50, p96 

Second Operations on Diecasting Cost More Than 
You Think—Mar 20, ‘50, p98 

Precision Gear Finishing—Mar 20, ‘50, p105 

HSS, Plus High Angles, Mills Like Carbiaes—Apr 
3, ‘50, pl22 

Special Hob Cuts Radial V-Grooves—aApr 3, ‘50, 
pi3l 

Thread Rolling Is Not Always Limited to Thread- 
ing—Apr 3, ‘50, p154 

Hard-Headed Replacement Vitamizes Production 
—Apr 17, ‘50, p78 

Pointers On Finishing Plastics—Apr 17, ‘50, p100 

Don’t Gamble In Seiecting Tooi Steess—Apr 17, 
‘50, pl02 

How To Mill Cylindrical Surfaces in the Toolroom 
—May 1, ‘50, p69 

Special Equipment Handies Heavy Components— 
May 1, ‘50, p76 

With Care Carbides Produce More on Automatics 
—May 1, ‘50, p¥3 

How To Figure Cost Savings On Machine Tools— 
May 15, ‘50, p94 

How To Mill Dies and Molds—May 15, ‘50, pl18 
Part | May 29, ‘50, p74 

Hardened Steel Milled With Carbide—June 12, 
‘50, p94 

Dividing Head Increases Toolroom Versatility— 
June 12, ‘50, p96 

Ingenuity Solves Tough Machining Problems— 
June 12, ‘50, pll4 

Machines from the Makin’s—June 26, ‘50, p97 

Attachments Perform Diversified Toolroom Mill- 
ing Operations—June 26, ‘50, p102 

Selection of Production Milling Processes—July 
10, “50, p90 Part 1; July 24, ‘SO p98 Part I; 
August 7, ‘50 p92 Part lil; August 21, ‘50, 
pl04 Part IV; Sept 30, ‘50, pl44 Part V. 

Production Tooling Solves Machining Problems— 
July 10, ‘50, p94 

Multiple-Spindle Bar Machines—How They Work, 
What They Do—July 24, ‘50, p107 

Lathe Drills Long Shafts—Aug 7, ‘50, p95 

Try This Aspirin for Gear-Burring Headaches— 
Aug 7, ‘50, p96 

Are We Riding the Brake in Machining Steels— 
Aug 7, ‘50, p100 

Machining Costs A Billion A Year Too Much—Aug 
7, ‘50, pl07 

Photo-Templet Process Cuts Production Costs— 
Sept 4, ‘50, pl22 

Hints on Fine-Pitch Hobbing—Sept 4, ‘50, p130 

How to Hone—Sept 4, ‘50, p133 

Try These Tricks on Your Screw Machines—Sept 4, 
‘50, p150 

Detailed Estimates Reveal Economics on Multiple- 
Spindle Automatics—Sept 18, ‘50, p104 

How to Locate the Weak Link in Machine Tools— 
Oct 2, ‘50, p83 

How to Lap—Oct 2, ‘50, p97 

Slow Tools Will Backfire—Oct 2, ‘50, p90 

How to Get The Most out of Turret Lathes—Oct 
2, ‘50, pl09 

Air Feed Equips Screw Machine For Long Bars— 
Oct 30, ‘50, p95 


1955 Production Planbook 





We cele loia mle) owe 
Vee -t-t-h ae elle hare) a 


@/ 1 \@ 
ae) 
...-another MORRIS 
MOR-SPEED 
production machine 


OPERATIONAL CYCLE: 


Station # Load and Unload 


Station 2 Drill two 57/64” holes 
~ Drill four 29/32” holes 


Station 2 Spot face six holes 
Station 4 E Ream (.9062”) two holes 


Drilling six large holes in armor plate forgings is 
no cinch, but when you want a finished part every 
minute and twenty seconds, that’s a tough problem. 
To Morris Engineers, it was a familiar problem... 
precision drilling on a mass production basis! 

The machine furnished was a MOR-SPEED Four 
Station Vertical, giving “special machine” produc- 
tion and precision at remarkably low cost. Standard 
base, rear column, indexing table, slide and hydrau- 
lic feed mechanism are combined with special mul- 
tiple drilling head and work fixtures . . . to make 
up this high production machine. 

Consider the savings . . . investment, labor, time 
and floor space . . . offered by Morris MOR-SPEED 
Machines. Precision high production can be yours 
for less than you might imagine! 


Ask your Morris representative 
for details on our deferred 
payment plan. 


933 HARRIET STREET CINCINNATI 3, OHIO 
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Performing quick, accurate drilling operations on press 


frame parts—drilling, fixture boring, tapping operations 
on milling machine columns—drilling all four parts of a 
fractor frame on a repetitive production line basis— 
these are the types of jobs illustrated, showing Kaukauna 
Horizontal Drilling Machines at work. The time and labor 
savings are of course apparent— elimination of expensive 
crane lifts, reduction in handling time, inexpensive tooling. 


As illustrated, there is a Kaukauna Horizontal Drilling 
Machine in a size suitable for any class of work from 
small, high production jobs to extremely large work 
pieces. These extremely versatile machines make for 
greater work simplification and may be used to ad- 
vantage in your shop for driving boring fixtures, drilling, 
reaming, boring, counterboring, tapping and spot-facing 
operations. 


Kaukauna builds Universal Radial Drills and 
Horizontal Drilling Machines in a range of 
sizes which meet practically all requirements 
in modern production practice. Write today for 
descriptive catalog or ask representative to call. 
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i Winning Pointiwith OPERATORS... 


A PRODUCTION-PROVED PRODUCT 





. . »« CIMCOOL? COOLS SO FAST that workpiece, 
tools and chips actually stay cool to the touch! With 
this radically new and different cutting fluid on 


the job, there is no need for gloves, no need to cool 
the workpiece before removing it from the machine. 

And there are other reasons why CIMCOOL scores 
with operators. This revolutionary cutting fluid— 
this chemical emulsion—virtually eliminates rancid- 
ity and foul odors. Can’t burn. Can’t smoke. Doesn’t 
soil hands or clothes and contains no skin irritants. 
And leaves no hazardous slippery film on the hands, 
machine, workpiece or floor. 


Let us show you how Crmcoou can put your plant 
in the winning column. We’ll be pleased to demon- 


°Trade Mark Reg. U.S. Pat. Off. —_— 


e \ 





OF THE CIN 


strate—on your own machines—how CImcooL makes 
jobs better . . . and does a better job. Just write us and 
we'll have one of our Cincinnati Milling-trained 
machinists call on you—without cost or obligation. 
Or, if you prefer, write for our free booklet, ““Cimcool 
Defeats Heat.’’ Address Sales Manager, Dept. A-114, 
Cincinnati Milling Products Division, The Cincin- 
nati Milling Machine Co., Cincinnati 9, Ohio. 
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of all metal cutting jobs 
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DUTY 


Swing the big, 
odd-shaped jobs.. 





28”/50” Nebel ‘G’ series extension bed gap 
lathe swings 52” through the gap, 29” over 
the ways. Gap on 10-ft. bed model opens to 
42” wide. Shaved and hardened gears and 
Timken bearings throughout headstock. Ar- 
ranged for 15- or 20-hp main drive motor. 
Also available in 20”/40” ‘AG?’ series. 
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GAP LATHES 


.and your engine lathe work besides 


The huge valve shown in the photo on the opposite page 
is representative of the hard-to-handle work that Nebel 
extension bed gap lathes make easy-to-handle. Thanks to 
the wide, deep gap, these double duty lathes are saving 
countless hours in handling time alone . . . both on pro- 
duction and maintenance assignments. 
And look for a big surprise on actual running time, too. 
Because these Nebel giants, although they’re built big for 
big work, are right there when it comes to delivering speed 
and power. 
The secret of Nebel performance is in the headstock. 
The husky, wide-faced gears are shaved and hardened. 
They’re mounted on short, splined shafts which are sup- 
ported on Timken anti-friction bearings. The drive gears 
are cut helical. Add to this Nebel’s foolproof lubrication 
system, and you have a headstock that’s a virtual dynamo 
of metalcutting energy. 
It takes a powerful, well built headstock like Nebel’s 
to turn heavy chucking jobs with accuracy. 
The remarkable Nebel extension bed gap lathes—i 
20”/40” and 28”/50” sizes—are gaining wide recognition 
in the jet engine program and other metalworking activi- 
ties where accuracy* and efficient performance are essential. 
Accessories and attachments are available to aug- In many cases they are used for the same identical work as 
ment the productive capacity of the standard Nebel lathes costing many thousands of dollars more. You’ll be 
gap lathes: power rapid traverse, replaceable hard- a and money ahead to check Nebel before in buy. 
Why not send today for descriptive literature? The Nebel 


ened steel carriage way inserts, hydraulic duplicat- bao aes , tiie : ‘ 
: ’ E Machine Tool Co., Cincinnati 25, Ohio, U. S. A. 


ing attachment, air operated equipment, variable 


speed drive, dy nabrake motor and others. 


*Send current Nebel test data 


Removable compared with American Standards 


Send 20”/40” ‘AG’ series extension 
bed gap bulletin. 


Send 28”/50” ‘G’ series extension 


~ bed gap bulletin 
LATHES as 
CINCINNATI 


Address 


City. ... 
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“Special Purpose” 


machine tools 


cut your costs 
permanently 





—take load off standard tools— 
eliminate machining steps and operators 


Labor costs are up...profit margins slimmer. 
What's the answer? Just this: 

More and more economy-minded manage- 

ments are finding “special purpose” machine 

tools the one way to cut costs permanently. 
Simmons Machine Tool, uniquely geared to pro- 
duce the large special machine tools that other 
builders shy from, is currently helping America’s 
blue-chip metalworking plants modernize and 
specialize their production lines. 

Our engineers work closely with theirs, deter- 
mine the problem and how it can be solved. The 
answer may be a completely new tool, a battery 
of such tools, or in the modernizing and adapt- 
ing of existing tools. 





t 

86’ Circular Boring Mill, designed and built 
by Simmons for machining the forged steel 
turrets of battleship guns. 


_ 

Lathe cuts indentations in tough alloy steel 
rolls used to produce steel safety floor plate. 
Simmons designed and built the tool for a 
leading steel producer. 


Unusual Pit Lathe was especially designed 
for the machining of large dryer rolls. Lathe 
handles rolls up to 14’ diameter on 30’ centers. 


If you think—or even suspect—that a “special- 
purpose” machine tool might do your work bet- 
ter, quicker and cheaper, find out. Write, wire or 
phone Simmons today. We'll study your problem 
and make a quick recommendation. 

SIMMONS MACHINE TOOL CORPORATION 
1759 North Broadway, Albany 1, N. Y. 
New York Office: 50 E. 42nd St. 
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NEW coolant by Johnson's Wax 
reduces chip temperature 400 


On a lathe, using a conventional! coolant, the chip temperature was 600° F. pro- 
ducing a burned and blue chip. Without stopping the lathe, the coolant was 
changed to new Johnson's TL-131. Immediately, the chip temperature dropped to 
below 200° as proven by the bright, natural color of the chip and by touch. 


In repeated tests, new TL-131 was com- 
pared to all major brands of conventional 
coolants. In every test the exceptional cool- 
ing properties of TL-131 caused costly blue 
chips to become bright. In every instance 
TL-131 outperformed other coolants. 

Coolness means Johnson’s TL-131 can 
reduce costs in your shop. TL-131’s special 
chemical ingredients dissipate frictional and 
work heat to give you longer tool life, less 
down time, finer finishes, increased produc- 
tion and greater profits. 


TL-131 Is Economical 
This new water soluble coolant is used di- 
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luted 40 to 1 with water. And, TL-131 is 
especially recommended for cutting hard- 
ened steels at high speeds. It does not con- 
tain sulphur or chlorine. 


Try Johnson's TL-131 in your shop 
Try TL-131 on the toughest job in your 
own shop. You MUST be satisfied because 
TL-131’s outstanding performance is guar- 
anteed. A test is easily arranged. Simply 
contact your local Johnson Distributor or 
write to: 


industrial Products Division - Dept. AM-11 
S. C. Johnson & Son, Inc., Racine, Wis. 





Lagan FEED UNITS... for 


drilling and tapping MAY BE THE 
ANSWER TO YOUR Special Machine PROBLEM 


This Zagar gearless drill head and 
feed unit are drilling airplane parts. 


@ It's easy to build special 
machinery around Zagar hy- 
draulic feed units. Zagar can 
design drilling and tapping 
machinery for your specific 
requirements, or you can in- 
corporate Zagar feed units in 
your own equipment. They 
have long stroke and single 
slide design. Zagar feed units 
are built to J.1.C. standards. 
Write for technical data sheets 
on this profit-building line of 
Zagar equipment. 





YZ 4-POST RAM TYPE 


DRILLING MACHINES 
RELEASE YOUR HIGH COST MACHINE 


TOOLS FOR OTHER JOBS 


@ Zagar hydraulic drilling machines 
are designed for high speed drilling— 
for both production and limited runs. 
Zagar 4-post machines reduce high 
cost tooling, and handle a range 
of work that ordinarily necessi- 
tates the use of several different 
machines. Very important, Zagar 
drilling machines release capital 
equipment for other purposes. 
Zagar 4-post machines lower 
your capital investment. They 
quickly pay out. What, sir, are 
your production requirements? 


* * * 


Ask on your letterhead for Bulletin “xX”. 


TOOLS 
and SPEC 


FOR NO 





ZAGAR TOOL, INC. 
24000 LAKELAND BLVD. 
CLEVELAND 23, OHIO 
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Machining . . . Continued 


Machines Run 88% of the Day—Nov 27, ‘50, p93 

Joint Report Proves Machinability Depends on 
Microstructure—Noy 27, ‘50, p109 

Universal Locator Sets up Aircraft Fixtures—Nov 
27, ‘50, pl25 

Conversions Tool Drilipress for Small Lots—Dec 
11, ‘50, pl42 

Automatic Tools Drill G Tap Die-Castings—Dec 
11, ‘50, pl44 

“Christmas Tree” Slotting—Dec 25, ‘50, p85 

Screw Slotter Goes Versatile—Jan 1, ‘51, pll0 

Shop Tests Develop Efficient Machining—Feb 5, 
*S1, pl2i 

How to Drill Hardened Steels—Feb 5, ‘51, p125 

Abrasive Disks—Single Or Multiple Loyer—Feb 5, 
‘51, pl26 

How GE Makes Turbojets—Feb 5, ‘51, p135 

High-Speed Turning Qualifies Shafts and Gears— 
Feb 19, ‘51, p136 

How to Choose and Use Automatic Lathes—Feb 
19, “51, pl47 

How Ford Checks Machine Tools at the Builder's 
Plont—Mar 5, ‘51, p99 

We Turned SAE 1045 at 2150 SFPM—Mar 5, ‘51, 
pl02 

Thread Chasing—Mar 5, ‘51, pl13 Part | 

Multihead Hobs Triple Gear Output at Chevrolet- 
Muncie—Mar 19, ‘51, p134 

Hard Steel Milled at a Mile a Minute—Apr 2, ‘51, 
p87 

Prevent Grinding Cracks With Hot Woater—Apr 2, 
51, pllé 

How Chevrolet Deburrs Powerglide Parts—Apr 16, 
‘SI, pl38 

Ultrasonics, Metalworking Tool—Apr 30, ‘51, p85 

How to Cut Large Mixed Flow Impeller Vanes— 
Apr 30, ‘51, p92 

How to Mill Die Blocks With Carbides—Apr 30, 
‘51, pill 

Honing Finishes an Auto Cam—Apr 30, ‘51, pl14 

Converted Filer Laps Jet Blades at Wright—June 
14, ‘51, pl36 

Better Tapping—May 14, ‘51, p143 

How to Assemble and Grind Fine Wire Brushes— 
June 28, ‘51, p89 

Magnetic Chucks Halve Planing Time—June 28, 
‘51, p100 

How to Machine Investment Castings—June 28, 
‘51, plo3 

Solid Carbide Saws Cut Clean and Fast—June 28, 
‘51, pl20 

What Carbide Burs Do—June 11, ‘51, pl42 

How to Work Titanium and Its Alloys—June 11, 
‘51, pl45 

The Saga Of Nickel in Machine Tools—June 11, 
51, pi5é 

Machine Lapping With Continuously Fed Free 
Abrasives—June 11, ‘51, p61 

Portable “Upside-Down” Drill Works 
Giant Scroll Cases—June 11, ‘51, pl64 

Multi-Spindle Automatic Hollow-Mills Eccentric— 
June 11, ‘51, pl66 

Converted Chucker Mills 5 Surfaces On Segment— 
June 25, ‘51, p06 

Spinning Head Sends Head Cost Spinning—June 
25, ‘51, pl08 

The Why and How of Automatic Turret Lathes 
for Chucking Work—June 25, ‘51, p113 

Stainless Orange Peel Holds Nitrogen—June 25, 
"51, pl29 

Peg-Leg Drill Machines Turbines—July 9, ‘51, 
p34 

How tec Mill, Roll, Grind Threads For Production 
—July 9, ‘51, pl45 

How vo Mill Profitably with HSS Cutters—July 23, 
‘51, pl2i 

From a Diemakers Notebook—July 23, ‘51, p125 

Able Accessories Aid Drillpress Action—July 23, 
*S1, pl52 

New Machine-Tool Types Make Axial-Flow Jets 
in Quantity—Aug 6, ’51, p99 

Splines Cut Faster, More Accurately—Aug 20, 
‘51, p96 

Shapers Cut Curves, Contours—Aug 6, ‘51, p106 

Precision Builds Power on Wheels—Sept 3, ‘51, 
pi29 

“Beefed-Up” Floors Support New Tools—Sept 3, 
*51, pl6é9 


Beneath 
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This Bodine Model 48-30 machine is tooled to handle 13 : 
receptacle shells ranging from 7%s-27 to 154-18 NEF 2 threads. ‘“‘You Can’t Meet 
Shells are used for multiple terminals in TV, Radar, etc. Tomorrow’s Competition 


PRODUCTION: From 1,600 to 2,200 pieces per 50-minute with Yesterday’s Machine Tools.’’ 
hour, depending on size of shell. 


Potentiometers next to push button station regulate two elec- 
tronically controlled variable speed motors. Positive, accurate 
control over spindle rpm and over rate of feed gives lead- 
screw accuracy to the threads with a non-reversing spindle. 


Bodine machines (of four types) may be tooled for an ex- 
tremely wide variety of high speed repetitive production jobs 
.%. including drilling, tapping, threading, screw inserting, light 
milling, and assembly. For a true picture of cost cutting, write 
Dept. AM-11 for our brochure “Bodine Presents 12 Typical Case 
fal t ies.” 


TAPPING AND SCREW INS 
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A precision machine for drilling, bor- 
ing, recessing, and milling work. 
Table can be rotated to 360 degrees. 
Accurate automatic locking of rotary 
table every 15 degrees, and at any 
other position by hand. Table and 
spindlehead have variable hydraulic 
feed. All coordinate dimensions can 
be set by dials, and adjustment made 
through optical microscopes. Mechan- 
ical spindle feed can be changed 
without stopping machine. Automatic 
stop of spindle feed. Optical measur- 
ing system operates in conjunction 
with vernier scales. 


© dixi 6O 


combination 
horizontal boring mill 


and jig borer with 


optical microscopes 


One of the world’s most accurate Swiss made machine 
tools, now in operation at many leading Manufacturing plants. 


Headstock, column, and table settings by optical microscopes to insure overall 
accuracy of .0002”. Built in rotary table with optical microscope. Table size 
28%" x 325’’. Max. distance table to spindle 19.7. Table travel, 235%’. Hy- 
draulic feeds for all functions 0-78” per min. #40 Taper spindle. Spindle travel 
24.4”. Spindle speeds 32-1350 R.P.M. Feeds .0015”-.010” per rev. 
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economy 
reliabitity 


* Guaranteed service by 
Trained Staff 


* Spore Parts in Stock 


* Early Deliveries — 
Some from Stock 


* Your Operators Trained 
* Competitive Prices 


* Financing & Rental Plans to 
Meet Your Requirements 


* Engineering Staff will make 
recommendations based on 
your drawings 


Also United States distributors of 
low cost multi purpose 

vises. Tapping attachments: Quick 
change chucks and collets. 
Willie-Grip Keyless drillchucks. 
Milling machine arbors, 
adapters, arbor spaces and 
bearings. Lathe mandrels. 


Modern machine tools for 

every purpose. Built by reputable, 
old established European 
Machine Tool Builders 


to meet the requirements of 





accuracy 
versatility 


High Precision, Reliability, 
Top Performance 


UN-450 Heavy Duty 


ae Schaerer Model 
Copying Lathes 


Twin cross slides. Copies from cylindrical 
or flat template either longitudinally or 
cross. Twin slides permits rough turning 
and finish turning in the same operation 
in many instances. Swings 1734’ over bed, 
9 over carriage, 20-5/64” over gap. 
Center distance 60”. Spindle speeds 31.5 
to 1400 R.P.M. Hydraulic copying attach- 
ment can be removed to permit use as a 
regular twin slide lathe when necessary. 
10 H.P. motor drive to spindle. Separate 
motors for coolant and hydraulic pump. 
A production lathe built to tool room 
standards. 


America’s Age of Automation. Schneider Hydraulic 
Many of the above a Universal Horinzon- 


distributed exclusively. tat Surtace Grinder 4 Cirarde Radial Brite 


MACHINE TYPE JoH. Grinding spindle 
adjustable through any angle from 0° 
to 90°. MODEL JoH1, 24” x 10” Table, 
18’ Under Wheel. MODEL JoH2, 
48x 16” Table, 22° Under Wheel. 
MODEL JoH3, 60” x 20” Table, 22” 
Under Wheel. Table feed infinitely vari- 
able 0-60 ft. per min. Traverse feed 
infinitely variable 0-600’. 


Seven Sizes from 3’ arm x 11%" column 
to 10’ arm x 2542” column. 3’ and 4’ 
arm machines have 12 spindle speeds 
from 32-1400 R.P.M. and 6 feeds from 
0015” to .040” with #4MT Spindles. 
Larger machines have 21 spindle speeds 
from 14-1400 R.P.M. and 12 feeds from 
.0008” to .080” with #5MT Spindle and 
7.5 H.P. Spindle Motor. 


Our Headquarters 
in New York City 
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PROBLEMS WITH 


W. Fg JOHN BARNES speciat MACHINES AND EQUIPMENT 


The 10 examples shown here are typical of the broad range of special machinery 
and allied equipment that are today designed and built at W. F. & John Barnes. All have 
been especially engineered to meet a specific production problem. Each represents a 
profitable solution to the problem of saving time and cutting costs. Collectively, these 
machines present tangible evidence of the coordinated skills and versatility of machine 
building experience available to you at Barnes. 


7 TWO-WAY HORIZONTAL BORING 

MACHINE — rough bores and cham- 
fers automobile transmission cases at 
82.5 pieces per hour (80%). This unit com- 
pletes 18 operations. 


2 BARNES SPECIAL MACHINE — 

drills and counter-sinks Tractor Spin- 
dle Extensions. Performs ten operations 
with pieces completed at the rate of 
19.5 per hour (80%). Center head has 4- 
spindle cluster arranged for. pivoting to 
provide adjustable spindle pattern. 


3 SPECIAL SEMI-AUTOMATIC TESTING 
MACHINE — developed to test for 
leaks in automotive power steering cast- 
ings. Four castings are inspected with each 
machine cycle. Workpieces are loaded 
and unloaded manually ...all other 
operations are performed automatically. 





4 AUTOMATIC RETORT 
LOADING MACHINE 
—one of a variety of 
special equipment, such as 
glass handling machines, 
can unloaders, carton un- 
casers, and special con- 
veyors, designed and built 
by Barnes for the food, 
chemical, and beverage 
industries. 


BARNES 


5 BARNES 6-STATION CENTER COLUMN 
MACHINE — with 72” diameter in- 
dexing table, completes 18 operations per 
piece, 118 pieces per hour, on Cast 
Aluminum Transmission Extension Hous- 
ings in a large automotive plant. 








SPECIAL VERTICAL SINGLE-SPINDLE 

MILLING MACHINE — with 72” sad- 
dle, slab and face mills mounting pads on 
a variety of motor frames. Quick setup 
features enable 61/ pieces to be completed 
per hour. 


MULTIPLE SPINDLE DRILLING*BORING* TAPPING 
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3 ELECTRICAL CONTROL PANEL — 
automatically controls regeneration 
and service operations on two sets of 
deionizing tanks, alternating units for a 
constant supply of treated water... one 
of countless applications where Barnes 
Electrical Controls add efficiency and 
economy to everyday industrial operations. 


SPECIAL TWO-WAY VERTICAL AND 
HORIZONTAL BORING MACHINE — 


9 


rough, semi-finish, and finish-bores, cham- 
fers, and faces Final Drive Housings. Spin- 
dies automatically change speeds and feeds 
to meet boring and facing requirements. 


7 BARNES 11-STATION “PROGRESS- 
THRU” MACHINE — handles a total 
of 54 operations on tive cylinder 
heads, including chamfering, end-cut 
reaming, and counterboring operations. 
All operations are performed in a con- 
tinuous, automatic cycle. 


4 





10 APRON-TYPE CONVEYOR — especi- 

ally designed for efficient removal 
of chips from machines used in a large 
automotive plant. Barnes Conveyors have 
been designed and built for a wide variety 
of applications. 





BARNES 





SPECIAL MACHINE 


TOOL BUILDING SERVICE INCLUDES... 


SPECIALIZED MANUFACTURING FACILITIES — 75- 
year background, large well equipped plant efficiently 
tooled to produce high production machines. 


SPECIAL HYDRAULIC EQUIPMENT — designed and 
built to meet JIC standards. Individually engineered 
units assure smooth, dependable actuation for every 
requirement. 


SPECIAL ELECTRICAL EQUIPMENT and CONTROLS — 
individually designed and built for maximum safety 
and ease of control with circuits that assure the most 
depend tion of all machine functions, 





SPECIAL GAUGES, FIXTURES, TOOLS — designed for 
each individual hi blem, assure y 
operations at high production speeds. 





SPECIAL HANDLING AND CONVEYOR EQUIPMENT — 
designed and built to reduce work handling, effect 
maximum safety and efficiency. 


COORSINATED DESIGN AND ENGINEERING — 

Hydraulic, Electrical, Process, Tool, 
and Fixture E gi work together at Barnes. Team- 
work solves complex problems quickly, 











Write ror FREE DATA 


“Coordinated Machine Engineering” 
—a free booklet describing modern 
machines and mass production tech- 
nique. Write for your free copy today. 


MACHINES * AUTOMATIC PROGRESS-THRU AND TRANSFER TYPE MACHINES 
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BULLARD 


HEN there’s basic precision machining 
\\ to be done, the job becomes a “natural” 


for the SIP Jig Borer. 


A typical example is this set-up in the 
Bullard Company’s toolroom in Bridgeport, 
Conn. The job is the big Ring Plate Jig used 
for boring and tapping cone unit holes in car- 
riers for Bullard Contin-U-Matics. The tool 
that does this precision machining is the SIP 
HYDROPTIC-6, an extremely sensitive com- 
bination precision measuring, drilling, boring 
and milling machine. It provides Bullard with 
a guaranteed setting accuracy of 0.0002” for 
both the work table and the spindle head. Its 
time-saving economy gives Bullard still 
another advantage: the operator quickly sets 
both coordinates by means of illuminated 
viewing screens — easily discernible to the 


ACCURACY IN THE MAKING 


naked eye at normal operating distances — 
which greatly magnify the images of the 
standard built-in table and saddle scales. 
A drilling capacity of 2.375” in cast iron, 
a boring capacity of 12”, and a 6” diameter 
milling cutter capacity attest to the wide range 
and versatility of the SIP HYDROPTIC-6. 
Our representative will gladly give you the 
whole story of SIP’s priceless ingredient 
—trustworthy 
precision for the 
toolroom as well 
as for produc- 
tion. 
An inquiry on 
your letterhead 
puts vou under 
no obligation. 


for prrocis 
AMERICAN SIP CORPORATION 


100 East 42nd Street, New York 17, N. Y. 
In Canada address Rudel Machinery Company, Ltd., Montreal, Toronto, Windsor, Vancouved, 
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Machining . . « Continued 


Watch Seven Obvious Ways to Increase Your Out- 
put—Sept 17, ‘51, pl29 

Rotary Broaches Cut Tangs—Sept 17, ‘51, p134 

How You Can Machine “Green’’ Carbide Compacts 
Oct 1, ‘51, pl3l 

Air Force Machinability Report—Oct 1, ‘51, p16! 

Hori 1 Drillp for Double-End Cutting— 
Oct 15, ‘51, pl36 

Building the New Tank Range-Finder—Oct 29, 
‘51, p95 

How to Machine Copper Alloys—Oct 29, ‘51, pl09 

How Eccentric Relief Is Easily Ground on Helical- 
Flute End-Mills—Nov 12, ‘51, p142 

High-Rake Cutter Prods Production—Nov 26, ‘51, 
pi25 

Science Guides Machining—Noy 26, ‘51, p144 

A New Twist in 2-Dimensional Engraving—Nov 
26, ‘51, pl48 

Close Controls Cut Gear Rejection 7600%—Nov 
26, ‘51, pl50 

Multi-Spindle Automatic Reduces Job Time 70% 
—Nov 26, ‘51, pi52 

New Equipment and Better Methods Triple Plant 
Capacity—Dec 10, ‘51, p135 

Heavy Weldments Machined Within 0.002 in.— 
Dec 10, ‘51, pl44 

Contour Turning—When—How— Equip t—Tool- 
ing—Dec 10, ‘51, pl49 

Auto Lathe Rolls Oil Grooves—Dec 10, ‘51, p174 

How to Cut Baby Gear Teeth—Dec 24, ‘51, p95 

Converted Lathe Hobs Tubular Racks—Dec 24, 


PLAN PRODUCTION of 6) nO Winds Coils To Shape—Dec 24, 
‘51, pl20 
PARTS LIKE THESE and MANY OTHERS | sort mit tna keyrys—ec 26,1, 12 
erve on arp Tools Machine Any Stainless At 
e High Speeds—Jan 7, ‘52, pl17 
for speed, convenience and economy .. . spite & cane tania Wikia % 


52, pl42 
EEUW Molding Blades Milled to Shape With Special 
on GOSS & DeL Workholder—Feb 4, ’52, p106 
Surplus Borer Tooled for Spheres—Feb 4, ‘52, p110 
AUTOMATIC CHUCKERS Turret Lathes Build Turbojets—Feb 4, ‘52, p119 


Increase Machine Capacity with Control Charts— 


“” “ Feb 18, ‘52, p13! 
THE ONE-TWO-THREE 7-SPINDLE Good Tools Plus Experience Make Better Gears— 


TOOL ROTATING CHUCKING MACHINE Feb 18, ‘52, p140 

can comp'ete in one operation as many as saga to Gun-Drill A Fixed Workpiece—Feb 18, 

three ends of valve bodies, plombing fittings, Pay The Most Out Of Bandsaw Blades— 

etc. eliminating secondary operations. Feb 18, ‘52, pl64 

COz Cools Tools—Mar 3, ‘52, p129 

Microbroaching—Mar 3, ‘52, p134 

Arc Machining—Mar 3, ‘52, p136 

How To Drill Titanium Alloys—Mar 3 ,‘52, pl41 

Carbide Bur At 90,000 rpm Finishes Exact Re 63 
Bores—Mor 3, ‘52, p142 

Special Duplicators Speed Experimental Jet-Engine 
Blades—Mar 3, ‘52, pl42 


Titanium Ground By Lockheed—Mar 3, ‘52, p175 
4-SPINDLE TOOL ROTATING CHUCK- Plant-Wide Planning Stretches New-Equipment 


ING MACHINES, available in three sizes, BT Dollars—Mar 17, ‘52, pl19 

combine various turning, boring, facing, thread- com ' bs Fg Why A Special Machine—Mar 17, ‘52, 

ing, multiple drilling and tapping operations on New Ford Automates Production Lines—Mar 17, 

a wide range of single-ended parts. 52, pl35 

Super ‘Nerve Center’’ Cam—Mar 31, ‘52, p83 

Eight Ways to Grind Machine-Tool Ways—Mar 
31, ‘52, p88 

Seagoing Lathe Weathers All Blows—Mar 31, 
52, pllé 

X-Ray Perfect—Apr 14, ‘52. p155 

How Wing Skins for B-47 Stratojets are Taper- 
Milled—Apr 14, ‘52, pl66 

We Buy Tools from Past Performance—Apr 14, 
‘52, pl74 

Low-Voltage Magnetic Holding—May 12, ‘52, p)27 

Interchangeable Mandrels to Cut Hobbing Costs— 
May 12, ‘52, p138 

How to Run an Engine Lathe—May 12, ‘52, p143 

How to Balance a Machine Without an Expert— 
May 12, ‘52, p173 

How Modern Gun-Drilling Improves Hole-Making 
May 26, ‘52, pl09 

How and Why Taps Are Precision Ground—June 
9, 52, pl35 











Send samples of your work for 
time estimates. Ask for illus- 
trated literature. 
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View of working area, Mackintosh-Hemphill 60-inch avuto- 
matic contour lathe. Machine is turning a cast steel shape 
roll mounted on neck rests. 


The Mack-Hemp 60” Automatic Contour Turning 
Lathe, the largest unit of its type ever made, is the 
only large roll-turning lathe that contours roll 
bodies while rolls are neck-supported in housings 
rather than on centers. Rolls up to 54 inches in 
diameter and 20 feet long can be accommodated 
in the lathe. Present roll shop practice calls for 
surface speeds of 60 to 80 feet per minute on iron 
and over 200 or more feet per minute on steel. 

Contour duplication is achieved by the combined 
action of a cross-feed motor and a longitudinal 
feed motor, both controlled electronically. 


Other outstanding features: 

@ ample weight, power and rigidity to insure 
smooth cutting and to handle full present and 
future cutting tool potential. 


easy and accurate stylus and template adjust- 
ment. 


controls, tool and template holder—all directly 
visible to operator. 


hardened and ground wearing plates on all 
bed ways and cross feed slide. 


vibration free, heavily reinforced tool holder 
for fast cutting with the newest carbide tools. 


MACKINTOSH-HEMPHILL CO. 


If you want to learn more details about Makers of the Rolls with the Striped Red Wabblers 


these unusual lathes and what is being : OURIEE ERY ANS BSLans, fA. 

: : atime ie me (= ate  MACKINTOSH-HEMPHILL PRODUCTS INCLUDE: rolls . . . improved 
accomplished % the nation . largest steel Johnston patented corrugated cinder pots and slag handling equipment 
mill roll shops — write for new publi- . . « Mackintosh-Hemphill rotary straighteners . . . heavy duty engine 
cation, PE-54. lathes ... shears . . . steel and special alloy castings . . . completely 

2 integrated strip mills . . . shape straighteners . . . end-thrust bearings 











Set-up time 
reduced! 


Lick Largest Cost Item 
in Toolroom and 


Small Lot Production! 


Rivett | 024 Internal and Universal Grinder 


Double-end wheelhead swivels 180°— permits rapid 
changes to external or internal work. Grinds holes %” to 
9” dia. and plug gauge to 6” depth—or to 14” by retracting 
wheelhead slide. External grinding to 12” dia. up to 21” 
length. 12” standard swing over table may be increased 
to 14” or 20” for greater range. Straight, taper, two-angle, 
face and shoulder surfaces can be ground. Work may be 
held in collet, step chuck or jaw chuck, on face plate 
or between centers. 








Rivett 84 Internal-External Grinder 
A small hole grinder with flexibility—mounts 3) xeapnend 
interchangeable wheelheads for quick conver- | **tlity and accu- 
sion to external grinding. Hole capacity is 3” | recy! All details 
dia, with a max. depth of 4”; external to 3” | are shown in 
dia. by 4” length. Collets and step chucks mount | ¢gteiogs 10248 
directly in lathe-type spindle, with lever closer end G4A1 Write 
for quick operation. Fine hand table traverse 

with dial stop for shoulder grinding. Mechani- | fF 8oples today! 
cal table traverse with infinite adjustment. 











RIVETT LATHE & GRINDER 
eeeeeeeeeeeeeeeee@ 


Rivett Lathe & Grinder, Inc. 
Dept. AMPG, Brighton 35, Boston, Mass. 
Please send: [] Catalog 1024B [) Catalog 84A, 


Nome 
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LO-wJ 
‘TURNS -OFF 
THE HEAT’ 


Lo-Jet Cools And Lubricates 

Lo-Jet ACRO is a pressurized mist system 
that provides both evaporative cooling of 
tools and work, and lubrication, to reduce 
friction generated heat. Because it’s pres- 
surized, Lo-Jet delivers cooling and lubri- 
cation uniformly, too, regardless of oper- 
ational conditions. 


Lo-Jet Pays For Itself In Reduced Costs 
Lo-Jet ACRO increases tool life 100%- 
300%, and the resultant savings in tool 
cost alone soon pay for the unit. The Lo- 
Jet costs less to operate, too. 


pense sce WAIR CONVERSION RESEARCH Corporation 


3025 N. Western Avenue e@ Chicago 18, Illinois 


production go up in smoke! 
Mail the coupon now for 
literature that tells how to 


improve all cutting opera- 


tions with 


LO-JET AGRO 


ET 


Te. 


RO 





cc soy 


turns-up profits and production 


Lo-Jet Increases Production 

With Lo-Jet ACRO on the job, you can 
take heavier cuts on any work, and oper- 
ate at higher feeds and speeds. And be- 
cause tools last longer, there is a drastic 
reduction in the amount of tool-change 
time required. 


Lo-Jet Provides Better, Cleaner, 

Safer Operation 
The directed cooling and lubrication of 
Lo-Jet ACRO result in improved finishes. 
Lo-Jet leaves the tool and work plainly 
visible and clean at all times. The ACRO 


GENTLEMEN: 
Lo-Jet ACRO. 


Decal ee 
Company___— 
Address___ 
City___ 


Please send me literature that fully describes the new 


rene ee oO ees ae 


coolant used is fireproof, lightly pine- 
scented, absolutely non-toxic to humans. 


Lo-Jet Is Versatile And Easy To Install 
Lo-Jet ACRO is completely self-con- 
tained, and can be installed on any cutting 
machine in minutes! It eliminates expen- 
sive, messy pumps, sumps, and piping. It 
can be used in turning, grinding, milling, 
drilling, tapping, and reaming. It’s ideal 
for multi-phase, high speed operations, 
because it can be used to control as many 
as six nozzles at once, with full pressure 
and separate controls for each tool. 


PB-11# 
v 


ee ee ee ee SF SF SF SE OF OE OF Oe Oe Oe Se OE Ge Oe Oe Ge Oe Oe Oe ae ae oe oe oe oe oe oe oe ae oe oe oe ae oe oe oe oe an 
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“BEST BUY ... — Ba 
the boss ever made !” FOR THIS 


FOLDER 


and DATA SHEETS 





LEACH 
6X 12 
SURFACE 
GRINDER 


HIGH OUTPUT 
at LOW COST 





Don't let the low price fool you! The Leach 6 x 12 
Surface Grinder is an entirely new engineering 
triumph that does the BIG jobs. Easily and ac- 
curately handles 90% of the work of far more 
expensive machines. A proven giant money-saver : orteares ween 7 METHOD 
oy hundreds of enthusiastic owners. Completely YOU KNOW ANO TRUSTe 
self-contained . . . 2-speed ball bearing spindle, ie 
driven by a 34 HP motor. Nowhere else can you 
get such high output at such low cost! Write for 
detailed description. 








H. LEACH MACHINERY CO. 


387 CHARLES STREET ° PROVIDENCE 4, R. 1., U. S. A. 
WORLD DISTRIBUTORS DEALERS IN PRINCIPAL CITIES 


” 


12” stroke on base only 163% 








long. Or smaller model, 9” on 


N E Ww! 1334” base. LONG STROKE 
ee 


makes it easy to change tools. 


SAVE TIME AND MONEY TRAVERSE RATE over 400” 
POWER REAMING MACHINE min., FEED RATE up to 30” 


min. CAPACITY 1” in steel. 
3 speeds—has many uses, ream- 
ing, chamfering, horizontal tap- 
ping, lapping and honing unit 
compact and priced to spot at draulic. Unusually accurate and 
convenient locations. dependable. Especially adapted 


MANUFACTURERS OF CATSKILL to use on transfer machines. For 

ABRASIVE CUT-OFF MACHINES catalog-folder and data sheets, 

write DRILLUNIT, INC., 3267 
JOSEPH E. MURPHY Co. Wight, Detroit 7, Mich. 

24 ELLSWORTH ST. WORCESTER 3, MASS. 


Write for complete data and specifications 


Self-contained, completely hy- 
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SPECIALS... 


Everything in Multiple-Spindle High-Production 
Metal-Cutting Machinery... 


* 








FOUR ILLUSTRATIONS OF BUHR SPECIALS 


I Automatic 2-spindle milling ma- 
chine, arranged with automatic 
index. Mills both ends of 57 up to 
103 dove-tailed slots in 16 different 
Jet Engine Rotors. 


2 Fixture is arranged with hydrau- 
lically operated automatic clamping 
and automatic index. Mills and taps 
510 Oil Seal Retainers per hour. 


3 Two-column automatic machine. 
Drills, reams and chamfers 565 con- 


necting rods an hour. 


M4 Automatic transfer machine. 


Drills, reams, chamfers, taps, mills 
and bores 120 flywheel housings an 


hour at 100% efficiency. 


BUHR MACHINE TOOL CO, 


ANN ARBOR, MICHIGAN 


MULTIPLE-SPINDLE HIGH PRODUCTION MACHINERY =-~ 





4 OF 8 
STANDARD FEATURES 
ON BUHR SPECIALS 
e All hydraulic and electrical 
installations conform to J.1.C. 

standards. 

e Laminated tool-steel ways 

— hardened and ground. 

e Automatic lubrication 

throughout. 

e All components located by 

dowels in holes bored to held 

tolerances, thus permitting 

interchangeability of parts. 

Write for Buhr 

48-page catalog. 








«ethan a lathe 
«ethan hand filing 
-eethan a milling machine 


@ Facing this thin wall bronze casting @ Generating radii on forged aluminum 
formerly took 9 min. on engine lathe — gun mount stepped up to 120 pcs. per 
now takes 2 min. on wet-belt grinder. hr. — deuble rate of filing. 


@ Ammunition box rim originally milled for @ Angle face on hardened steel cutter bar; 
close fitting cap at 33 per hr. — now output by surface grinder, 4 per hr. — 
abrasive belt ground at 89 per hr. by abrasive belt method, 14 per hr. 


-- Porter-Cable Abrasive Belt Grinders 
Now made and sold by Engelberg 


How many flat-surfacing, squaring and beveling operations in 
your shop are performed by millers, lathes and other slow cut-by- 
cut methods? These single piece operations can be done on 
abrasive belt grinders in seconds, rather than minutes. More, you 
often eliminate the need for expensive fixtures—frequently save 
75% to 90% of former set-up time. 


Find out how Engelberg Abrasive Belt Grinders can reduce 
your costs. Send sample piece for our recommendations—or ask 
to have a sales engineer call. To see what others have accom- 
plished, mail coupon for free 32-page case history booklet. 


®@ Flexible Belt Grinders ®@ Platen 
Grinders ©@ Contour Grinders @ 
BenchGrinders © Centerless Grinders 
® Contact Wheel Grinders 


THE ENGELBERG HUiLER CO., INC. 
193 West Fayette St., Syracuse, N. Y. 


Please send free booklet showing how abrasive belt grinding performs grinding, 
surfacing, stock removal operations faster, better, more economically. 


Name Title. 





Firm 
Address 
City 
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Machining . . . continued 


How Ford Extends Automaticity to Engine Han- 
dling—June 23, ‘52, pll3 

Cam Lock in Mandrel Slip—July 7, ‘52, p137 

How High Vacuum Aids Metalworking—July 21, 
‘52, p02 

How to Machine and Finish Stainless Steel—Aug 
4, ‘52, pill 

Two-Position Drill Table Saves Space—Ups Ac- 
curacy—Aug 18, ‘52, pll4 

Punch Out Flash on Drillpresses—Aug 18, ‘52, p130 

Gundrilis Are Home Grown ot Allison—Sept 1, 
*52, pllo 

Men of “Parts” Watch Machines Work at Syl- 
vanio—Sept 15, ‘52, pl13 

Soft Steel and Ultrasonics Machine Carbides—Sept 
15, ‘52, pi4l 

Precision Contour-Grinding Makes Better Tools— 

Sept 15, ‘52, p154 

“¢ lative Sampling” Boosts Shop Output 22% 
—Sept 29, ‘52, p95 

Ingenious Tooling Solves Tough Milling Problems— 
Sept 29, ‘52, p98 

Reduce Machine Vibration—Sept 29, "52, p101 

Torque in Titanium Tapping—Sept 29, ‘52, p102 

Contour-Grinding Requires Equipment to Suit the 
Job—Sept 29, ‘52, pl06 

Contouring with Heavy Machine Tools—Oct 27, 
"52, pll4 

How to Run a Grinder—Oct 27, 52, p125 

Look at Your Diamond Wheel Dressers—Oct 27, 
"52, pl42 

Graphite Blocks Trepanned—Nov 10, ‘52, p122 

How to Grind Titanium—Noy 10, ‘52, p135 

Electrotytic-Grinding Carbides—Nov 10, ‘52, p154 

Ingenious Machines Weld Thin-Wall Stainless 
Tanks—Noy 24, ‘52, p125 

Curtis-Wright Boosts Output With Machinability 
Data—Nov 24, ‘52, pl41 

COz Cools Carbide Grinders—Dec 8, ‘52, p97 

The Rising German Challenge—Dec 8, ‘52, p99 

Wet-Belt Grinding Speeds Production Of Extruded 
Cylindrical Stock—-Dec 8, ‘52, p106 

How to Design Master Gears—Dec 8, ‘52, p125 

Smart Tooling Solves Tough Elliptical Boring Job 
—Dec 8, ‘52, p140 

Oak Ridge Machines Beryllium—Dec 22, ‘52, p93 

How Ford Organi Aut tion Programs—Feb 
2, 53, pl28 

How to Organize Production Processes—Feb 16, 
‘53, pl33 

Aircraft Gears Fast Accurately and Automatically 
—Feb 16, ‘53, pl38 

Notched Plates Boost Holding Power of Magnetic 
Chucks—Feb 16, ‘53, pl47 

How to Run a Miller—Feb 16, ‘53, pl49 

Economic Factors Must Govern Wheel Selection 
For Grinding Carbides—Feb 16, ‘53, p165 

Cadillac Teams COs With Silicon Carbides to 
Grind Carbide Tools Better—Feb 16, ‘53, p173 

How GE Works Titanium—feb 16, ‘53, p176 

Abrasive Belts Speed Production—Mar 2, ‘53, p101 
Part 1; Mar 16, ‘53, p136 Part 1; Mar 30, ’53, 
pl06 Part Ii! 

tngenious Holder Increases Life of Carbide Tools 
—Mar 2, ‘53, p108 

Tolerance Charts Control Production—Mar 2, ‘53, 
pil4 

Space Machine Tools with Coordinated Optics— 
Mar 30, ‘53, y99 

Boeing Wets Diamond Wheels—Apr 13, ‘53, p164 

Silicon-Carbide Wheels for Carbide Grinding— 
Apr 27, ‘53, pl42 

Dixie Powers Fighting Tanks—Apr 27, ‘53, p144 

Dodge Burnish-Reams Toppet Holes—May 11, 
‘53, p37 

Chip Study Reveals What Happens During Turn- 
ing—May 25, ’53, pl21 

Standardize Standard Tooling—May 25, ‘53, p126 

Tooling Turns Axle Shafts—May 25, ‘53, p134 

When You Drill an Oil Well, Every Bit Counts— 
May 25, ‘53, p137 

Forces ond Vibration on the Tool Affect Its Life 
—June 8, ‘53, p142 

Turret Tooling Cuts Taper—June 8, ‘53, p172 

How to Pick the Right Machine Tool—June 8, 
53, pl76 

Precision Tumbling Produces Fine Finish—July 6, 
"53, pll3 
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Machining . . . continued 


Get Quicker Action With Attochments—Aug 20, 
*51, plo2 

Tool Wear Results From Several Causes—Oct 29, 
‘51, pl00 

Tricky Carbide Tooling—Nov 12, ‘51, pl33 

How Workpiece Structure Affects Tool Life— 
Nov 12, ‘51, p138 

Controlling Die-Casting Flash—Nov 26, ‘51, p135 

Sprayed Vapor Ups Top Life and Speed—Jan 7, 
‘52, p12) 

How to Tip Tools With Prehardened HSS—Jan 
7, ‘52, pl33 

Souped-Up Tooling Does Double-Decker Turning— 
Jan 7, ‘52, pl4i 

Emergency Reamer Practice—Jan 7, ‘52, p147 

Holding Blocks Do Fixturing Job—Jan 7, ‘52, p150 

Graphics Are a Better Method of Calculating Form 
Tools—Mar 3, ‘52, pl45 

New Processes Will Machine The “Unmachinable” 
—Mar 17, ‘52, p30 


Treponning Speeds Production of Deep Holes— 
Mar 31, ‘52, p96 

Titanium Tests Tools, Talent—Apr 28, ‘52, p91 

Slotting Fixtures Load Rapidly—Apr 28, ‘52, p102 

Preformed Shapes Save Time and Carbide—Apr 
28, ‘52, p104 


Correct Curves For Carbides—May 12, ‘52, p42 


ees PRICE! ... FEATURES!... PERFORMANCE! | Plastiscale Prototypes Speed Ford Tooling—May 


12, "52, p159 


, Gage Your Hob Sharpening and Save Tools—Aug 
4, ‘52, p95 
Regrind and Break-in Blasted from Chrome- 
Plated Tools—Oct 13, ‘52, p158 
Grinding Fixtures Aids Die Manufacture—Noy 24, 
"52, p34 


WRITE FOR - Low-Cost Methods Speed Dies—Dec 8, ‘52, p93 


YOUR COPY WILL BE Your CHOICE! Engineers Must Consider Production Costs—July 


OF THIS 6, ‘53, pll6é 
EYE.OPENING “Ve Wost Will For Vhe Least Wo wy | Wheat to Do for Distortion Control in Large Rings 
COMPARISON | —July 6, “53, pl45 
CHART Now you can make the same painstaking comparison that sold and satisfied Practical Carbide Tool Maintenance—July 20, 
leading plants on Greaves 2H plain and universal milling machines. A free "53, pl26 
chart cross-compares 22 significant specifications . . . including speeds, feeds, power ns cae Saves Machine Downtime— 
“ Aug 3, ‘53, p 
ow oa" and capacity . . . on each of the eight leading milling machines. dad Ucctine Yoni Chihsedkiiiciing 3, 32; -s0mt 
LEASE AND Make your own comparison ... in your office, out on the factory floor or right out of Special Setups Speed Production of 20-mm AP 
DEFERRED our competitors’ catalogs . . . we're convinced you'll find that Greaves is your best buy! Shot-—July 21, ‘52, pl12 
PAYMENT How to Choose G Use Rotary Files G Burs—Jan 
PLANS GREAVES MACHINE TOOL COMPANY, 2100 EASTERN AVE., CINCINNATI 2, OHIO 9, ‘50, pll7 
Please send me: [) The COMPARISON CHART. Tool Selection Cuts Machining Costs—Jan 9, 
(1 Tool Lease and Deferred Payment Plans. ‘50, p20 
Wood’s Metal Replaces Assembly Fixture—Mar 
on 6, “50, pllé 
Title Diamond Abrasives Finish Huge Molds—Apr 3, 
‘50, pl24 
Swivel Tool Bores Piston Chamber—Apr 3, ‘50, 
Address ah p130 
How Tooling Affects Design Of Metal-Powder 
Parts—Apr 17, ‘50, p89 
How to Make Extrusions—May 15, ‘50, p105 
Unusual Fixtures for Heavy Curved Work—May 
29, ‘50, p70 
Pointers for Form Too's—May 29, ‘50, p78 
Fixtures to Multi-Drill Complex Frames—July 
10, ’50, p83 
Investment Castings Depend on Good Pattern 
ee . Tooling—July 10, ‘50, p97 
From the American Machinist Library How to Work Too! & Die Steels—Oct 16, ‘50, 
pl45 Part 1; Dec. 11, ‘50, pl47 Part Il 
; Tank Rebuilding Speeded by Fixtures—Oct 30, 
of Tips for Top Shop Men Roe 
New System Cuts Airframe Tooling Time 40%-— 
Dec 25, ‘50, p94 
Pontiac Saves $100,000 Annually with a Tool- 
Control Program—Jan 8, ‘51, p85 
Portable Automatic Air Drills Makes Holes Faster 
—Jon 8, ‘51, pl02 
most plants than bombing. Have you taken Air Can Clamp Small Parts, Too—Apr 2, ’51, p113 
x Fixtures from Double-Coated Adhesives—Apr 16, 
‘51, pl43 
any precautions to guard against it? Cam-Actuated Fixture Speeds Multi-Hole Drilling 
—Apr 16, ‘51, pl68 
Glass Fiber Laminates Simplify Jig-Making—June 
11, “51, pt3! 
Small Shops Must Adopt Good Methods—June 11, 
‘51, pl34 
Acid Pickle Doubles Tool Life on Cl—June 1}, 
‘51, pl40 
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Guarantee finish jay 


and size with— 


2 FOR 1— INSTRUMENT AND 
ENGINE LATHE. Model 1020S “Steelway” Precision Toolroom Lathe 


ORIGINATES PARTS WITHIN 
“TENTHS.” Model 918SL “Steelway” Cabinet Plain Lathe 





TURN WITHIN .00O1” IN SIX 
INCHES! Model! 608 Screw-Cutting Instrument Lathe 


PRODUCTION WITH TOOLROOM 
PRECISION. Model 918ST “Steelway” Cabinet Turret Lathe 


RIVETT LATHE & GRINDER, Inc. 


Brighton 35, Boston, Massachusetts 11 SEC. TRAY TO TRAY 


TURNING SMALL ARMATURES. 


Write for complete cat- 
Model IAL Armature Turning Lathe 


alogs illustrating and 
describing how Rivett 
Lathes will handle your 
machining faster, with 


more precision, at less A symbol ° 
operctor effort! nF 


Rivet? Lathe & Grinder, Inc., Dept. AMPL, Brighton 35, Boston, Mass. 
Please send literature describing 


CD Model 1020S C Model 918SL 2 Mode! 608 More Precision 
C0 Model 918ST ©) Model IAL Armature lathe yer 5 Ate 
: Rely on Rivett Lathes — 
ome aitili ancl The Master Craftsman’s Master Tools! 


Company__ 


me accuracy 


Mm 
af 
- 
- 
- 
=f 
. 
mM 
V} 








City. 
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Now operator can speed up initial table settings —preselect exact table position 
for next hole while one boring operation is in progress — 
do it consecutively, accurately for each hole in workpiece. 


You soon see the difference in faster initial table settings, guaranteed 
accurate within .00015”. In increased jig boring production, too—with the 
preselective Autopositioner available only on the Lindner LB15 Optical 
Jig Borer. 

Non-productive time is practically eliminated. As one hole is completed, 
a push button unlocks the 44” x 24” table for rapid traverse (up to 40” 
per min.) movement in both directions to next preselected position. A few 
seconds for fine adjustment, then table is automatically locked in position 
and boring operation begins. Optical projection system permits exact cen- 
tering—minimizes operator error and fatigue. 

Direct-reading micro-optical measuring system is permanently free of 
wear...only a light beam touches it. No lead screws—therefore no back 
lash.: Hole location may be approached from any position from either direc- 
tion. Speeds and feeds are infinitely variable—spindle speeds range 25-1900 
r.p.m.; milling feeds 1”-3” with power up-feed of spindle for fine finishing 
of bored holes. 

Add to this, rugged single column construction for heavy roughing with- 
out affecting fine precision performance, and unusually deep throat for 
large, bulky workpieces—and you’ll see why so many important toolrooms 
which measure precision in extremely close limits, now use one or more 
Lindners. Writeforcomplete specifications on LB15 and smaller LB14 models. 


most 
revolutionary 
advance in 
precision 
hole location 
since the 

jig borer— 


SEE AUTOPOSITIONER AT WORK 
WRITE FOR MOVIE FILM 
o o 


This 20 minute film takes you through 
design, manufacture and operation of 
the Lindner Jig Borer —demonstrates 
how Autopositioner combined with 
unique micro-optical measuring sys- 
tem makes the Lindner today’s most 
advanced jig borer. It answers man 
of your questions. Lindner users will 
fill in the rest. 


URT ORBAN 


COMPANY, INC. 
34 Exchange Place, Jersey City, N. J. 


Teolroom and production machine tools for precision milling, boring, turning, drilling, grinding, hob grinding, gear testing. 
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Gere is a picture of an.. 





This PICTURE — 
taken in 

a well known 
machine tool plant 
illustrates 

the old method 
of boring 

turret lathe 
headstocks with 

a costly inflexible 
box jig and 

a mass of 

special tooling 


The Modern Method | 
“HIGLESS BORING’ THE SAME PIECE ON A DE VLIEG new 


* Eliminated expensive boring jig 
* Reduced machining time 


* improved accuracy with o resultant cut 
in assembly costs 


* Permitted the use of simplified tooling 


« 


If your shop is burdened with costly 
boring jigs and special tooling, it 
will pay you to investigate the 

DE VLIEG SPIRAMATIC JIGMIL! 


‘Com ve lo Debit eee see a practical demonstration 


of the JIGMIL Technique . 


A request on your company letterhead will bring a copy of our comprehensive Illustrated Catalog 
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“Ten to Twenty-four Inches” 


—8 different swings 


wT 
y og 


No. L-46 SHELDON 
Choose your lathes from the wide range ig See: emma 
of sizes offered in the SHELDON and 
SEBASTIAN lines. Strong and rigid 
thru advanced engineering, these mod- 
ern, faster, easier-to-operate, precision 
lathes will do the bulk of everyday tool 
room and machine shop work. They 
have “zero precision” tapered roller 
bearings . . . pass 19 tolerance checks 
to assure accuracy. They have extra 
collet capacity for size; full quick 
change gears; double walled aprons; 
large motors and efficient drives; etc. 
etc. They save floor space and reduce 
power costs. Built in a special machine 
tool plant by modern methods, they are 
moderate in price and profitable in use. 
Write for Catalog 


11” Tool Room Lathe 


13” 15” 16” 
20” and 24” 
SEBASTIAN 
Geared Head 
Lathes 
Built by 
SHELDON 


SHELDON MACHINE CO., INC. 


Manufacturers of Sheldon precision Lathes. Milling 
Machines ond Shapers and Sebastian Geared Head Lathes. 


4234 N. KNOX AVE. ° CHICAGO 41, ILL., U.S.A. 
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Here are some representative examples of machine 
tools and services offered by the Machine Tool 
Division of Sundstrand. Standard basic machine 
designs and units, coupled with methods 
engineering assistance, have resulted in many cost- 
saving Sundstrand installations. If you have 
metal working operations in your plant and are 

interested in lowering manufacturing 

costs, call in a Sundstrand 

representative. He’ll be glad to assist you 
in obtaining more economical 
1k «© methods. There is no obligation 


for this service. 


High Production Methods 
On Low Production Jobs 





Using a Sundstrand Model 33 Rigidmil and universal 
magnetic fixture for machining tool blocks, cam bars, 
motor bracket slides, etc. reduced the time on the average 
of 50% over the previous method. Lot sizes varied from 
1 to 25 pieces. 


Multi-Station Automatic 
Indexing Machine 





Here is a Sundstrand Special Four Station Process Ma- 
chine for milling slots in piston retainers. The part is 
located and clamped at station #1 and then indexed thru 
the remaining three stations to complete the machining 
with one handling of the part. All units are interlocked 
with the index table for automatic operation at a pro- 
duction rate of 180 pieces per hour. 


Multi-Station Automatic 
Transfer Rigidmil 





Here is an interesting example of Sundstrand ‘Engineered 
Production” as applied to interlocking several machine ele- 
ments into continuous flow production. It is a Sundstrand 
special purpose 29 station transfer or process type machine 
designed and built to drill and ream locating holes, mill 
bearing sides and odd pads on cylinder blocks. Controls are 
operated from a floor mounted console type control station. 











*REG. U.S. PAT. OFF. 
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Tracer Turning 





For multi-cycle single point turning of irregular shapes, Sund- 
strand Automatic Lathes can be provided with a template con- 
trolled tracing slide mounted to the regular front carriage. With 
this attachment and controls, ruff, semi-finish and finish cuts can 
be taken with one turning tool in an automatic cycle. The regular 
rear slide can be used to square up shoulders, chamfer, etc. 


Small Lot Turning 
With Multiple Tooling 


Illustrated at left are two Sundstrand Automatic Lathes used for 
turning various sizes of yoke parts in lot. sizes of 500 or less. 
Production was increased more than 5 times compared to the 
former method. Changeover time is 25% less than with former 
equipment. 





Hopper Loading ; 
For Production Turning 





This Sundstrand Model 8A Automatic Lathe turns and chamfers 
three different lengths and diameters of master track link pins. 
Operator loads parts into a hopper loader and automatic machine 
cycle is started with chucking of part. 


When machine cycle is completed, a work ejector pushes the pins 
out of the chuck and into the unloading vee. Machine will run 
automatically with one filling of the hopper for approximately 10 
minutes. 


Special Turning 





The Sundstrand special short bed lathe illustrated at the left is 
used for turning and facing the open end of a washing machine 
tub. The short bed permits easy end loading and unloading to 
maintain a production of approximately 85 pieces per hour. 


FREE DATA 


Additional information on the 
complete line of Sundstrand 
machines is available. Ask for 
bulletin S.P. 149. 


SUNDSTRAND 


Machine Tool Co. 
2533 Eleventh St. « Rockford, Ill., U.S.A. 


TRIPLEX RIGIDMILS SPECIAL MACHINES 
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C alt ON: 


4 Cariton’s radial drill department (left) 
set up to drill and bore Carlton radial 
drill heads. 


Carlton head assembly (right) is fast, efficient, due to absolute 





interchangeability of parts produced by Carlton radial drills with > 
Carlton-engineered tooling. Total time saving: 7 hours per piece! 
Tolerance: .0003”. 


Power head clamp body: Jig designed to machine six sides in 
two operations. Produced 25 to 50 pieces per lot. Time saving 
90 minutes per piece. Tolerance: .0003”. 


Pedestal for Uni-tilt Table: Proper tooling of this Carlton radial 
drill produced interchangeability of parts, saved considerable 
assembly time. Time saved in Carlton drilling set-up: 2 hours 
per piece. Tolerance: .0003”, cm 
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RADIAL DRILLS... 


plus Carlton engineered tooling produce the accuracy, uniformity and 


interchangeability of parts indispensable for production line assembly 


@ More perfect parts speed up production line as- 
sembly. Carlton radial drills, properly tooled, give you 
perfect hole drilling—and frequently effect substantial 
savings by eliminating unnecessary operations. 


Carlton engineers will be glad to work with your en- 
gineers in recommending the best Carlton radial drill 
and the most efficient tooling for your requirements. No 
obligation, naturally. Why not write us today? 


a 


Full Universal Table with 32” round top. Carlton en- 
gineered and produced. Anti-friction mounted for 
easy operation. Handy table for drilling compound 
angles which heretofore required more complicated 
set-ups. Permits drilling on five sides of a workpiece 
without changing set-up. Available for use on any 
Carlton radial drill. 9 ipa 
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Transmission body casting: Present running and set-up 


time: 5.25 hours. Previously: 7 hours. The set-up: 

(1) Carlton 3-A radial drill, 

(2) master trunnion, 

(3) jig, 

(4) boring bars, 

(5) transmission body casting. 25% savings effected 

by eliminating boring operation previously done in a al OM 
horizontal plane. 


THE CARLTON MACHINE TOOL CO. 
Cincinnati 25, Ohio, U.S. A. 
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@ Machine illustrated is arranged to 
finish broach round bore and keyway 
in four die castings simultaneously at 
a production rate of 520 pieces per 
hour. This ACME equipment was re- 
cently supplied a foremost automotive 
manufacturer completely tooled and 
ready for production. 


BROACHING 
MACHINE 


MANY OUTSTANDING FEATURES 


@ We take pride in announcing a 
line of vertical pull-down broaching 
machines offering manual or auto- 
matic cycle. Machine shown above 
is Model VPD-10-48 having 10 ton 
normal capacity and 48” stroke, 


and may be used with broaches | 


from 18” to 56” in length. Auto- 
matic broach handling is incorpo- 
rated in all models as well as many 
new features which contribute to im- 
proved results and ease of han- 
dling. Send part prints and infor- 
mation for free estimates on your 
broaching jobs. 


ROACH Gore. 


MILAN, MICHIGAN —~———— 








From 


good. 





the American Machinist Library 


of Tips for Top Shop Men 


o- flaunt your greater income or privileges 


before your subordinates. No matter how 
much they like you, their resentment and envy will 


do you more harm than the flaunting does your ego 

















Machining . . . continuec 


Design Diamond Pin Locators—Dec 8, ‘52, p108 

Self-Positioning Jig Cuts Driil Breakage—Mar 16, 
‘53, p78 

Gages Cut Hobbing Costs—June 22, ‘53, p121 

Tooling Tricks at Watertown Arsenal—Apr 30, 
‘S1, p89 

Abrasive Belts Grind Carbides—Dec 8, ‘52, p102 

Five Ways to Form Gears—Aug 20, ‘51, pl12 

“Decarb’’ on Screw Products Yields to Controlled 
Atmosphere—Feb 19, ‘51, p42 

Time to Inspect Bore Alignment Cut 98%—Mar 
19, “51, pl42 

Is Furnace Brazing Just As Good—Apr 2, ‘51, p98 

Know Your Measuring Tools—Apr 2, ‘51, p101 

Know Your Inspection Tools—Nov 12, ‘51, p147 

Right Gage at Right Time—Jon 7, ‘52, pl44 

Increase Machine Capacity With Control Charts— 
Feb 18, ‘52, p131 

US Air Force Machinability Report 1951—Oct 1, 
‘51, pl6l 

How Workpiece Structure Affects Tool Life—Nov 
12, “51, p138 

Choose Your Metal-Cutting Fluids With Care— 
Nov 12, ‘51, p59 

How to Apply Metal to Glass and Ceramics—July 
7, ‘52, pl47 

Alumi Bonding—July 21, ‘52, pl08 

How to Select a Cutting Fluid—Sept 1, ‘52, pl118 

Labor Is the Biggest Factor in Friction-Sawing 
Costs—Sept 15, ‘52, p153 

Solid-Film Lubricants—Sept 29, ‘52, p128 

Reset Pawil Tolerance Held By Powder Metallurgy 
—Oct 13, ‘52, pl26 

How to Machine Stainless Steel With Carbides— 
Oct 27, ‘52, pl09 

What Constituents Affect Machinability Of Gray 
lrons—Oct 27, ‘52 ,p122 

Oak Ridge Machines Beryllium—Dec 22, ‘52, p93 

How to Use Molybdenum Disulphide As a Lubri- 
cant—Dec 22, ‘52, pl06 

What You Should Know About Simple Cutting 
Fluids—Apr 13, ‘53, p154 

Why Not Moke Your Own Cutting Oil—Apr 13, 
‘53, p158 to plé63 

Nylon For Wear Parts?—June 8, ‘53, p150 

Is Coolant For Carbides Really Necessary2—July 
20, ‘53, pl29 

Air Can Clamp Small Parts, Too—Apr 2, ‘51, pl16 

How to Work With Beryllium Copper Strip—Mar 
31, ‘52, p99 

How to Understand Brass—Oct 13, “52, p151 

Curtiss-Wright Boosts Output With Machinability 
Dato—Nov 24, ‘52, p14! 

Even Unskilled Operators Set Up Their Own Ma- 
chines—Jan 5, ‘53, p109 

Film Runs Gear-Shaper-—Feb 2, ‘53, pl49 

Gases Are Good Cutting Coolants—Feb 16, ‘53, 
pl96 

Swedish Tests Prove Out Radioactive Tool Experi- 
ments—Mar 16, ‘53, p194 

Carbide Tools Ground Without A Diamond Wheel 
—Mar 16, ‘53, p195 

Internal Grinding of Titanium Now Possible—Mar 
16, ‘53, p201 

Chip-Tool Temperature Affects The Cutting Speed 
—June 22, ‘53, p130 

The “Steamer” Is Still with Us—June 22, ‘53, p137 

Drill Units Up Production of Joh-Lot Machining— 
July 6, ‘53, pl26 

How to Measure Machine-Tool Vibration—July 6, 
‘53, pl4l 

How Sharp Are Carbide Tools Finished With Sili- 
con Carbides?—Aug 3, ‘53, p120 

Precision Tooling A Must When Machining to 
+0.0025”—Aug 17, '53, p97 

Accurate Blank Layout Aids Diemaker—Aug 17, 
‘53, pl06 

Straighten a Bent Shaft—Aug 17, ‘53, pl12 

A Practical Manual Of Hard Surfacing—Aug 17, 
53, pll3 

Cut Costs of Tool Design-And-Make—Aug 17, 
‘53, p130 

Deburring Aircraft Sheets—June 25, ‘51, p99 

Low-Cost Jigs for Small Shop—July 23, ‘51, p130 

Accurate Holes Needn’t Be Difficult—July 23, ‘51, 
p132 

Able Accessories Aid Drillpress—July 23, ‘51, p152 

Tool Life and Finish—Aug 20, ‘51, p89 
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highlights 


PRECISION MACHINE TOOLS 


Throughout Industrial America, Hirschmann engineers 
and technicians are readily available to provide expert 
assistance in the selection and operation of any of the 
fine Swiss-crafted HIRSCHMANN machine tools, as well 
as production estimates, surveys and actual demonstra- 
tions. Contact our nearest representative or write to our 
main office in Manhasset for speedy service. 


TORNOS 


SWISS-TYPE AUTOMATIC SCREW MACHINE 
‘ The sliding headstock, originated 
HAUSER-430 by TORNOS in 1880, permits use 
DUPLEX PIVOT BURNISHER of a guide bushing right in front 
of the tools, resulting in extreme 
accuracy at high speeds regard- 
less of the length of the work 
piece. Radial in-feed of the tools 
and axial feed of the rotating work 
piece practically eliminates the 
need for special form tools. Six dif- 
ferent models available with stock 
capacities of: 5/32" — 17/64" — 


TAG" = 19/32" — 13/16" -— 
HAUSER-5 a darn wid , 


“hirschmanne»- 


JIG BORER 
30 PARK AVENUE, MANHASSET, N.Y. 
PHONE: MA 7-5300 ° TELETYPE: MANHASSET N. Y. 1144 


CONDENSED SUMMARY OF CARL HIRSCHMANN PRODUCTS 


BURNISHING MACHINES © CAM-MAKING EQUIPMENT © CHECKING & MEAS- 
URING INSTRUMENTS ¢ DIE FILING MACHINES ¢ DIE SINKERS © DRILLING 
& TAPPING MACHINES ® GEAR HOBBING MACHINES © GRINDING MACHINES 
° JIG BORERS ¢ JIG GRINDERS ¢ LATHES © MILLING MACHINES @ PANTO- 
GRAPHS ¢@ POLISHING MACHINES ® PRESSES ¢ SCREW MACHINES ¢ PUNCH 
SHAPERS © SPECIAL AUTOMATICS FOR WATCH AND INSTRUMENT INDUSTRIES 
*® THREAD CUTTING MACHINES @© TURNING MACHINES 


CARL HIRSCHMANN COMPANY. IN¢ 


HAUSER 430 Pivot Burnisher — By working both ends of the pivot 
at once, the new 430 Burnisher increases production up to 3 times. 
In addition, the 430 affords much closer control of pivot diameters 
with a finish down to .3 Microinch RMS. 

Speedy set-ups, elimination of costly grinding, and prevention of 
burr and radial scratch formation are outstanding features of the 
430, a stride forward in burnishing. 


HAUSER 5 JIG BORER — Combining exceptional output capacity 
with highest accuracy, the HAUSER Precision Jig Borer has proved 
indispensible for precision production. The Hauser operates accord- 
ing to the system of rectangular coordinates—settings accurate to 
.0002’'— to perform many types of production work without the use 
of special fixtures or jigs. 

The Model 5 has a working capacity of 29-1/2" x 24-1/2” and a 
maximum boring capacity of 9’, with a range of spindle speeds 
from 45 to 2000 rpm, 
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BOICE - CRANE 
15" HEAVY DUTY 
HELMET HEADS 


Give You 25% More Capacity—are %%‘’—not just the 2” 
capacity of other 15” and 14” machines. 


% 56 High and Low Speed Bench and Floor Models. 1-2-3-4 Spindels. 
% 50% thicker column (3/16” walls). 


%& Real precision at the chuck, where it counts, is guaranteed by 
greater rigidity and closer tolerances. 


%& 20% larger Quill. (2-1/16” dia.) and deeper head reduces wear 
from side thrust. This pays off on deep hole drilling and routing 
as 4 inches or more of the quill is always supported. An inexpensive 
attachment permits fine hollow chisel morticing. 


%& Rugged steel (not die cast), 6-tooth involute splined drive. Far 
more sensitive and powerful quill feed. 


% Quick-acting hinged belt guard. 


% 5 speeds—25% greater range. Easy speed changing. Various options 
on work tables. Heads and parts sold separately for special setups. 
Full line of tapping heads, foot feeds, and accessories. 








AVAILABLE NOW through industrial supply distribu- 
ters in most cities. If there is no distributor near u, 
order direct from factory. No long waits for delivery. Hish 
quality. low cost tools for cutting, shaping, drilling and 
nishing wood, fibre, 


BOICE -CRANE COMPANY 
935 Central Avenue . Toledo 6, Ohio 


Please send free literature on the Boice-Crane [] Helmet Head 
Drill Presses; [] Challenger Series Drill Presses. 


NAME 

FIRM 

STREET 

CITY & STATE 


metals and plastics. 





| 


| 


M & M Giant Keyseaters, built in a wide range of sizes, 
speedily and accurately cut internal keyways or 
splines in the bores of pulleys, gears, fly wheels or 
any other machine part. Special fixtures and cutters are 
available for unusual shaped keyways and taper 

work. Send us your problems today. 


MITTS & MERRILL 


10% Holden Street * SAGINAW, MICHIGAN 








MODERN CUTTING-OFF MACHINE 


Cuts off longer pieces than regular automatic machine—any 
length you want. FAST cutting and chamfering of tubing, 
pipe, shafting. Check the following figures: 

y%" Tubing 1%” Cold Rolled 
Cuts and Chamfers both = Cuts and Chamfers both 
pn le rg ends, 20” long, at rate long. One every 3 sec- 
every 25 seconds. of | every 20 seconds. onds. 


4” THREADED STUDS 


1” Tubing 
Cuts and Chamfers both 
outside edges, pieces 3” 


Modern Auto- 


WRITE FOR cx ant entre ctg RYU fs iatle Sas ae 


‘eaded 
Clean chamfer, Nuts start easily, with no extra finishing required. 
MODERN MACHINE TOOL CO. 
2005 LOSEY ST. JACKSON, MICHIGAN 
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increased production by 2400% for 


CLEVELAND PNEUMATIC TOOL CO. 
the country’s leading manufacturer of actuators 


with Single Point, Automatic Cycle 


MAN-O-MATIC 


Threading Lathe 


440 Stainless, 
39C Rockwell, 
8 TPI, 14” long 


In the opinions of leading metal-working 
equipment manufacturers, the Man-O-Matic 
fills a vital gap in the machine tool field. 


A prominent lead screw manufacturer 
reduced the threading time of a given piece 
from 54 minutes to 2 minutes. 

The MAN-O-MATIC will average 20 times 
faster than standard threading procedure. 


The MAN-O-MATIC is designed to single 
point thread up to any length between 
centers up to 6” in diameter and has 

a range from 1 to 40 threads per inch. 
Acme, modified Acme, V, Square, 

Ball Thread, etc., present no problem 
whether or not the job calls for internal - 
or external taper, or multi-start, 

left or right hand threading. 


Complete set up is accomplished in 

20 minutes and no special tooling is 
required. High spindle RPM allows 

for a complete utilization of carbide cutters. 


DON’T MISS OUR DEMONSTRATION AT 
Ist International Machine Tool Exposition, 
132 54 Street, Brooklyn, New York 


ANOTHER S@&S EXCLUSIVE 
ny , 

te 135 53rd St: ; Weeks 

SS} S & S MACHINERY CO. | ie ks seat ot canes 
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Built Right Will Fit Right 


$9500 Complete with Priced Right Into Your 
1/3 H.R motor sate PRODUCTION 


Special acces- 


Barker Mills will do jobs that cannot Srieson model 

illustrated at 

the right are 

available at 

; slight addi- £% ; Straddle milling using our 

ently on long run jobs. tional cost. a | standard stub arbor. 
Hundreds in use from coast to coast by . 

nationally known manufacturers in a 


wide range of industries. 


be done on large machines. 


You can hold close tolerances consist- 


If you have small parts milling jobs it 
will be wise to check into the possibilities 
of the Barker Mill. 


General specifications: Table 4’’ x 12” ; j Stub arbors with pull back rod. 
with 5” travel—head and spindle equipped : Designed to take standard high 


with pre-loaded ball bearings—Head speed ey: or wy aps 
we ” é saws and cutters. Located in 
travel 314". Saddle travel 3”. Speeds spindle with 14” collet and pulled 


from 214 to 6000 R.P.M. Weight 160 Ibs. r back securely against spindle 
* : face with rod, assuring perfect 
alignment. 
You'll Want the Complete Story A Barker equipped with coolant pan, motor driven 


on this Remarkable Mill. WRITE pump, arbor support, spindle coolant shield, cutter 
guard and 34” vise. 


BARKER ENGINEERING COMPANY . am-so2 Green RD., CLEVELAND 21, OHIO 











QUICK SOLUTIONS 
TO TOUGH-TOOL DESIGN PROBLEMS . . . are thoroughly discussed 


in American Machinist's Special Report, "Calculating Form Tools." Write to 


Reader Service Department, American Machinist, 330 W. 42nd Street, New 


York 36, N. Y. 

















MULTIPLE SPINDLE DRILLING & TAPPING MACHINES 
SPECIAL WAY-TYPE HIGH PRODUCTION MACHINES 
HYDRAULIC STRAIGHTENING & ASSEMBLY PRESSES 


This is a Fox L-60-H Vertical Hydraulic-feed Multiple Spindle Drilling Machine with a 
36-spindle 20 x 40-in. adjustable-spindle head. The head skirt accommodates standard Fox 
type A or type C adjustable-spindle assemblies, or cluster box may be used with Fox type D 
assemblies. This machine has a special 64-spindle cluster box. Spindle drive motor is 20-hp. 
Machine conforms to JIC hydraulic and electrical standards. The 18-in. ways, 60 in. long, 
are hardened and ground, automatically lubricated. 


FOX ENGINEERING COMPANY jackson? michican 
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For Greater 


MOLINE TOOL COMPANY 


100 20th Street Moline, Illinois 


PRODUCTION 
EFFICIENCY 
SAVINGS 











C & J Geared-Head LATHES 


16INCH e 


12 SPEED 


FOR HIGH GRADE. 
PRACTICAL GENERAL SERVICE 
Guaranteed accurate to 
good commercial standards. 


e Tooled and equipped 
for efficient produc- 
tion 

e Exceptionally long 
carriage bearing — 
2336 in. 

Write TODAY for new 
bulletin 39-A-10. 


© Feed provided by 
separate rod — lead 
screw is used only for 
thread chasing 


Complete regular equipment 
includes thread indicator. 


CARROLL & JAMIESON MACHINE TOOL CO. 


BATAVIA, OHIO 














MANUFACTURERS’ 
FREE LITERATURE 


TURRET LATHE—Cosa Corp, Chrysler Bidg, 
New York 17, NY. 20-page bulletin Pirofa 45 
illustrates Pittler (German) unit. Contains dia- 
grams of workpieces and machine features, in- 
cluding simplified tooling and elimination of 
cross-slide. Attachments pictured and described. 


MACHINE TOOLS—South Bend Lathe Wks, 
425 E Madison, South Bend 22, Ind. 56-page 
catalog has 100 detailed illustrations of complete 
line of lathes, turret lathes, drillpresses, grind- 
ers, and shapers. Lathe swings range from 9 
through 24 in. 


GEARGRIND MACHINES — Gear Grinding 
Machine Co, 3901 Christopher, Detroit 11, Mich. 
8-page illustrated catalog provides complete data 
on entire line, as well as types and specifications 
of gears, splines, and special-contoured parts 
that can be ground on them. Request on com- 
pany letterhead. 


SUPERFINISHING MACHINES — Gisholt 
Machine Co, Madison 10, Wis. 29-page Form 
1169 includes description of process, specifica- 
tions on 12 machines and 5 attachments avail- 
able; 28 job applications illustrated. 


MACHINE TOOL AUTOMATION—Turchan 
Follower Machine Co, 8259 Livernois St, De- 
troit, Mich. 24-page catalog covers hydraulic 
duplicating attachments for standard machine 
tools; designing and building complete control 
systems; new tracer-controlled units. 


CYLINDRICAL GRINDING HANDBOOK— 
Landis Tool Co, Waynesboro, Pa. 36-page book 
contains complete data on machine and its opera- 
tion. 17 chapters cover every phase from setup 
to safety suggestions. 


HORIZONTAL SHAVING MACHINES — 
National Broach & Machine Co, 6600 St Jean 
St, Detroit 13, Mich. 16-page illustrated catalog 
S-54-2 describes Red Ring units for large ex- 
ternal gears. Contains operating and application 
data on three models, with specification and 
capacity table. 


DRILL UNITS—Hypneumat, Inc, 647 W Vir- 
ginia St, Milwaukee 4. 22-page unbound bulletin 
covers hydraulic and air, electrically controlled, 
drilling and tapping units that operate on pres- 
sure as low as 2 psi with up to 25-in. strokes. 


TURRET LATHE—Warner & Swasey Co, 
5701 Carnegie Ave, Cleveland 3, Ohio. 12-page 
booklet describes line of heavy duty units with 
16 spindle speeds and simplified headstock. Con- 
struction features illustrated, specifications in- 
cluded. 


CENTERLESS GRINDERS—Landis Tool Co, 
Waynesboro, Penna. 4-page Bulletin CT-54 out- 
lines features of No. 12 and 12% precision 
grinders for infeed or thrufeed. 


GEAR LAPPERS—Michigan Tool Co, 7200 E 
MeNichols Rd, Detroit 12, Mich. 8-page bulletin 
No. ML-54 contains illustrated data on external 
and internal machines. Contains explanation of 
lapping process, and discussion of problems and 
solutions. 


UPRIGHT DRILLS—Western Machine Tool 
Works, Holland, Mich. 12-page catalog 5415 
contains illustrated data on 18-speed heavy duty 
drills; 1%, 1%, and 1%-in.-dia drill in cast 
iron, and in 1, 2, or 3 spindle sizes. Summation 
of features and complete specifications. 


GRINDING WHEELS—Norton Co, Worcester 
6, Mass. 28-page catalog 1748 “BN-BD-BFR-BF 
Reinforced Resinoid Products,” illustrates and 
describes line; contains typical application photo- 
graphs, tables of wheel sizes, prices, operating 
speeds, and similar data. Portable grinding 
wheel operations listed with recommended wheel 
specification. 


HORIZONTAL DOUBLE-END MACHINES 
—Walter P Hill, Inc, 22183 Telegraph Rd, De- 
troit 19, Mich. 2-page catalog sheet illustrates 
and describes units to bore, chamfer, burr, mill, 
center, flare, spin, tubular and solid metal parts 
at rates up to 6000 pieces per hr. Operating and 
application data included. 
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Savlah, Coffman / 


headquarters 


FOR THE FINEST 
SWEDISH MACHINE TOOLS 


ustin is American headquarters for the 
fine machine tools that are manufactured in the modern Swedish 
machine tool center of Varnamo. 


Built with the painstaking workmanship and quality mate- 
rials that characterize Swedish products, these machine tools, since 
their introduction in the U.S.A., have earned an enviable reputation 
for accuracy and dependability in toolroom and production line. All 
machines comply fully with U. S. Standards. 


SAJO #2 ALL GEARED MILLING MACHINES — plain 
and universal models — light and standard types, all built to modern 
design to meet industry's demand for fast, simplified operation while 
maintaining maximum accuracy. Available with longitudinal power 
feed only or with power feed and rapid traverse in all directions. 
Offered with full line of accessories. 


SAJO HYDRAULIC HACKSAWS — Utility and Production 
Models — 6” x 6", 9“ x 9” and 10” x 10” capacities. These sturdy 
machines, for intermittent or production duty, have unique patented 
features and are attractively priced. Sajo Hacksaws represent excep- 
tional values in cutting off equipment. 

PREMA 13” SHAPER —a “mighty mite” — ideal for appli- 

Pe gg ate large shapers are not justified. “Big Shaper” perform- 
ance and accuracy at modest cost makes the Prema a profitable 
addition in the toolroom or on light production work. 

VMA SHAPERS are available in both standard and heavy 
duty models — 14” to 26” length of stroke. These rugged amply 
powered machines provide speedy set-up, ease of operation and 
maximum stamina in the toolroom or production line. Automatic lub- 
rication and table power rapid traverse are standard on heavy duty 
models. Universal table and other accessories are available. 

Service and spore parts available from us or from our 
dealers in principal cities. 


For complete details, illustrated catalogs and information 
as to reference installation in your vicinity write to 


, 4 
u S { i n INDUSTRIAL 
CORPORATION 
76-F MAMARONECK AVENUE, P. O. BOX 430, WHITE PLAINS, N. Y. 


Look for the Austin Seal — your full guarantee of satisfaction. 
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NATIONAL Keyseating Millers 


NATIONAL Keyseating Millers are designed 
. in one cut ... in 


about 





for milling internal keyseats . . 


offset holes . . 
holes .. . 


. with parallel sides . . 
of standard width and depth... 
that are closed at one end . . . and many other ~ gar 
tions that a keyseating machine can’t reach. A 


. partly through 


in holes 





demountable guide on body of Miller enters keyseat 


being milled assuring straight keyseat in 


rfect 


alignment with the axis of the bore, thus making it 
unnecessary to clamp work to drill press table. 


CUTTERS are made from high speed Rockwell hard- 
ened steel, accurately ground to size. Tops of teeth 


are staggered to break —_- which reduces strain 
dr 


and wear on both cutter an 


iving pins. It will pay 


you to put National Keyseating Millers on the inside 
of your next keyseating job. 


MACHINE TOOL 


WRITE TODAY 


for Catalog No. 17 
complete, handy size 


co. 


CINCINNATI 22, OHIO 








— 


‘RSP DRILLS 


e Effortless operation 

@ Minimum setup time 

© Rigid, lasting construction 

@ Precision ball bearing spindles 


Higher turnout, fewer rejects, lower 
drill breakage, less worker fatigue 
are the results where “Buffalo” quality 
drilling machines are installed. The 
“RPMster”, at left, with its instant 
spindle speed adjustment is one ex- 
ample of “Buffalo” “Know-how” in 
building a fine machine tool. “Buffalo” 
also builds a wide line of production 
and tool room drills from the smallest 
commercial drills to 144” capacity in 
mild steel. There’s one to cut your 
costs! Write for details. 


BUFFALO FORGE COMPANY 


Buffalo, N. Y. 


Canadian Blower & Forge Co., 


BI82 


509 Broadway 


Drilling 


Punching 


Shearing 


Lted., Kitchener, Ont. 
Bending 








MANUFACTURER’S FREE LiST—continued 


HONING—Sunnen Products Co, 7910 Man- 
chester, St Louis 17. 12-page bulletin presents 
us rs’ results with hones on parts like gears 
sleeves, dies, cutters, and cylinders. 


HYDRAULIC SURFACE GRIN DER—Thomp- 
son Grinder Co, 1534 W Main St, Springfield, 
Ohio. 7-page catalog C53 illustrates Type C units. 
Includes construction features and specifications, 
optional auxiliary equipment, clearance dia- 
grams and charts. 


DRILLING & TAPPING MACHINES—Ed- 
lund Machinery Co, 149 Thomas St, Cortland 2, 
NY. 4-page bulletin G 54 provides information 
on functions and capacities. Detailed specifica- 
tions chart provided, plus data on machinery 
designed to meet unusual production problems. 


SMALL HOLE DRILLING MACHINE — 
Hamilton Tool Co, East & Hanover Sts, Hamiil- 
ton, Olio. 4-page bulletin AM-54 illustrates 
features of A-M Super Sensitive precision unit 
for production work. Arrangements for spe- 
cialized zpplications described. 


SURFACE GRINDER—Pratt & Whitney Div, 
Niles-Bement-Pond Co, W Hartford 1, Conn. 
8-page bulletin presents Model D 14-in. hy- 
draulic vertical surface grinder with specifica- 
tions, illustrations of work setups, and features. 


AUTOMATIC SCREW MATHINES—Cleve- 
land Automatic Machine Co, Cincinnati 72, 
Ohio. 8-page bulletin illustrates single spindle 
units. Contains applications, specifications and 
features; includes dialmatic models. 


GEAR GRINDERS—Gear Grinding Machine 
Co, 3901 Christopher, Detroit 11. 8-page folder 
on automatic gear grinding shows five applica- 
tions, features of machine. 6-pager covers uni- 
versal oscillating grinder with power oscillator 
for table, powered wheel carriage, and built-in 
dresser. 


DRILLS—Cleerman Machine Tool Co, 640 W 
Washington Blvd, Chicago 11. 12-page catalog 
shows round-column and box-column drilling ma- 
chines, gang drills, layout drills, and jig boring 
machine, giving specifications, features, and 
illustrating salient points. 


LATHES—K Martin, Machine Tool Works, 
Offenburg, Baden, West Germany. 5-page folder 
illustrates production high-speed lathe Type DP 
500; 5-page folder on heavy-duty high speed 
lathe, Types KM 180 and 200. Includes speci- 
fications ‘and design features. 


GEAR LAPPERS—Michigan Tool Co, 7171 E 
McNichols Rd, Detroit 12. 8-page bulletin covers 
gear-lapping problems, showing two external, 
two internal gear-lapping machines with capac- 
ities and descriptions. 


BENCH MILL—Barker Engrg Co, 500 Green 
Rd, Cleveland 21, Ohio. 4-page circular illus- 
trates unit with 3-way hand lever travel to 
facilitate intricate, rapid production milling of 
small parts. Special accessories sheet provided. 


CYLINDRICAL GRINDERS—Landis Tool Co, 
Waynesboro, Pa. 20-page booklet iilustrating 
job-engineered units, covers plain grinders, 
multiple wheel setup;, special tooling and special 
single purpose cylindrical grinders. 


CYLINDRICAL GRINDERS—Landis Tool Co, 
Waynesboro, Pa. 28-page general catalog illus- 
trates universal, plain, roll, centerless, and spe- 
cial purpose units for cranks, cams, pistons, 
valves, and similar parts. Descriptions and spe- 
cifications. 


SPIRAMATIC JIGMILL — DeVlieg Machine 
Co, Fair Ave at 8 Mile Rd, Ferndale, Detroit 
20, Mich. 23-page catalog illustrates range of 
basic machines for precision boring and milling. 
Features for variety of applications, attach- 
ments and accessories included. 


MILLING SPEEDS AND FEEDS—Clarkson, 
Inc, 320 Ontario St, Toledo 2, Ohio. Operator’s 
slide rule available; readings given for tough 
and medium steel, cast iron, phosphorous, bronze, 
mild steel, brass, and aluminum. 


CYLINDRICAL GRINDING—Landis Tool Co. 
Waynesboro, Pa. 35-page “‘How to Do It” manu- 
al contains 17 illustrated chapters, tables, charts; 
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section on troubles and correction, operating 
and maintenance suggestions, cost-improvement, 
and operator training. 


DRILLING & TAPPING MACHINE—Edlund 
Machinery Co, 149 Thomas St, Cortland 2, 
NY. 8-page illustrated bulletin 140 describes 
variable speed Model 2F. Variety of arrange- 
ments to meet specific requirements presented. 
Construction features and ordering information 
provided. 


AUTOMATIC TURRET LATHE—Potter & 
Johnston Co, Newport Ave, Pawtucket, RI. 
12-page bulletin 123 illustrates data on the 
5D-2-9-in., 5D-2-12-in. and 5D-2-15-in. Power- 
Flex units. These 2-spindle models are designed 
for production work. Air-operated chucking 
equipment and special features pictured. 


AUTOMATIC CHUCKING MACHINE—Nea- 
tional Acme Co, E 131st & Coit, Cleveland 8, 
Ohio. 9-page bulletin MC-53 contains illustrated 
data on 12-in. Universal Model MC Acme-Grid- 
ley single-spindle unit. Design features, appli- 
cations, specifications, standard and extra equip- 
ment included. 





BROACHING MACHINES—Colonial Broach 
Co, Box 37, Harper Station, Detroit 13, Mich, 
4-page condensed catalog 877 contains illustrated 
data on 12 basic types for varied applications. 
Broach sharpeners discussed. Numbers of bul- 
letins providing addtional information on each 
machine in‘iuded. 


MILLER—Ninols-Morris Corp, 76 Mamaro- 
neck Ave, White Plains, NY. 6-page folder 
“The Miller that Uses its Head” gives details 
and specifications, pictures, and data on versatile 
units; features and applications provided. 


HONING MACHINES & TOOLS—Sunnen 
Products Co, 7910 Manchester Ave, St Louis 
17, Mo. Variety of bulletins bound in folder 
includes description of machines; case history 
booklet of typical applications; mandrel sets; 
external hones; portable hones; 37-page catalog 
on stones, mandrels, accessories; and 10-page 
price list. 











CIRCULAR AND DIAMETRAL PITCH 
KNURLING—Reed Rolled Thread Die Co, PO 
Box 350, Holden, Mass. 21-page booklet, Knurl 
Data 50-10, contains condensed technical in- 
formation on process and its use. Includes data 
on knurling on screw machines and lathes, and 
thread rolling machines, Illustrated with tables, 
charts, formulas. 





DRILLING MACHINE—Hamilton Tool Co, 
East & Hanover Sts, Hamilton, Ohio. 4-page 
bulletin V-53 illustrates Varimatic, super-sensi- 
tive, small hole drilling unit. Includes operating 
data, diagram, and specifications. 


TURRET DRILL—Howe & Fant, Inc., 26 
Fitch St, E Norwalk, Conn. 6-page bulletin 5403 
introduces a %4-in. capacity drillpress with tur- 
ret for up to 6 different sequence operations. 
Turret spindles are set in infinitely variable 
speeds individually from 200 to 4000 rpm; depth 
stops are individual. 


MILLING MACHINES—Sundstrand Machine 
Tool Co, Rockford, Ill. 12-page illustrated cir- 
cular on Model 66 Rigidmil shows typical uses, 
features, machine cycies, and specifications, 


GRINDING MACHINES—Standard Electrical 
Tool Co, Cincinnati 4, Ohio. 10-page catalog AG 
describes line of automatic precision rotary and 
surface grinders, including Rotomatic, Plane- 
matic, Grindmatic, Profilematic. Applications for 
each model illustrated. 


BROACHING—Colonial Broach Co, Box 37, 
Harper Sta, Detroit 13. 12-page bulletin U-54 
tells how broaching works, compares single and 
multiple-point tooling, and discusses various ma- 
chine types. 


BORING MACHINES — Maschinenfabrik 
Froriep, GMBH, Rheydt, Germany. 4-page pam- 
phlet on double-column vertical boring and turn- 
ing machines describes equipment for heavy- 
duty work. Also available is folder on boring 
mills for railroad tires. 








AUTOMATION DEVICES — Swarts Tool 
Products Div, Jefferson Corp, 13330 Foley Ave, 
Detroit 27. 8-page brochure “Advancing Auto- 
mation” describes services and facilities for de- 
signing and building workholding fixtures for 
multi-station and transfer machines. 
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WELLS NO. 8 WITH 
WET CUTTING SYSTEM, 
NO. 5 IS SIMILAR 


TO IMPROVE cutting efficiency and production, three models 
of the Wells Metal Cutting Band Saw line are now available 


with expanded range of cutting speeds as standard 
Sows the new speed ranges for 


The table below s 


uipment. 
ese out- 


standing machines . . . Wells Nos. 5, 8 and 12 .. . first in 
the horizontal field. Higher speeds are available when required. 

The new cutting speeds coupled with such proved Wells 
advantages as sturdy construction, ease of operation, real 
dependability and low cos: make these machines even more 
profitable for you to use. Ask your Wells Dealer for fuli 
information or write, requesting catalog G-52 giving specifi- 


cations and design details for all models. 







Rounds 

5” O.D. 5” x 10” 50, 

8” x 50, 
12%" x1 


Model 
No. 5 



















1 
115, 


Selective 


160, 250 
1 


greater versatility 
greater efficiency 


‘The Ploneers of Horizontal 


METAL CUTTING 
BAND SAWS 


WELLS MANUFACTURING CORPORATION 
505 ROOSEVELT ROAD, THREE RIVERS, MICHIGAN 


BI83 
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4hSig Borer corer Cnd UWtiller ” MANUFACTURERS’ FREE LITERATURE—ctd 
For JSotbd Vip y, FO “NX GE ff GRINDING WHEELS—Raybestos-Manhattan, 
Oo e Inc, Manhattan Rubber Div, Passaic, NJ. Cen- 


terless grinding wheels bonded with rubber are 
described in bulletin 6925, which shows how 
roughing and finishing can be done with same 
wheel. Price list and data on feed wheels in- 


cluded. 


SPINDLE BEARINGS — Cincinnati Milling 
Machine Co, 4701 Marburg Ave, Cincinnati 9, 
KNIGHT'S O. 16-page promotion booklet shows details of 
Filmatic bearings on Cincinnati grinders in 
series of “X-ray” illustrations. 


TURRET STOP INDICATOR—D-S-C Ma- 
chine Co, 29 Bertel Ave, Mt Vernon, NY. 
4-page bulletin describes Sure-Stop, developed as 
an aid in duplication of machined parts. Dial 
indicator has range of 0.150 in. and is gradu- 
ated in 0.001 in. Unit is mounted on lathe 
carriage and five stops permit wide range of 
machining possibilities. 


TRAUB AUTOMATICS — Guthery Machine 
Tool Corp, 130 W 42nd St, New York 36, NY. 


32-page catalog contains detailed description of 

the design, construction, specifications, applica- 

tions, and of attachments and tooling available. 
— Samples of parts made illustrated. 


UNIVERSAL GRINDER — Rivett Lathe & 
Grinder, Inc, Brighton 35, Boston, Mass. 16-page 
catalog is on model 1024 internal and universal 
hydraulic grinder with double-end wheelhead, 
internal-spindle speeds to 35,000 rpm, workhead- 
spindle speeds to 600 rpm, and capacities to 9 in. 
ID on holes and 12 in. OD for external work. 


TWO MODELS PEDESTAL TOOL GRINDERS—South Bend 
6° x 48" Table Size Lathe, South Bend, Ind. 4-page illustrated cata- 

T log 5228 describes 8- and 10-in. wheel units 
providing extra working room because motor is 
mounted inside pedestal. Design improvements 
and specifications included. 


DRILLING AND TAPPING MACHINE — 
Edlund Machinery Co, 149 Thomas St, Cortland, 
NY. 7-page bulletin 150 illustrates improved 
high-speed ball-bearing motor spindle units; 
Model 2 MS for general production, Model 
os : =P is K 4 MS for hea work, Combination | _arrange- 
Fulfills every requirement for accurate ¢ Infinitely variable spindle speeds and ments with prot hments adapt for 
boring, drilling and vertical milling of feeds. Non-gear, easily maintained direct specific requirements. 

large workpieces up to 5000 Lbs. drives provide unusual smoothness of HYDRAULIC SURFACE GRINDER—Thomp- 
opesation son Grinder Co, 1534 W Main St, Springfield, 
Si. ifie s : 5 . . Ohio. 8-page catalog B-53 illustrates and de- 
si moped setup, operation and inspection scribes Type B unit, size range from 6 x 18 in. 
are possible because many parts are easier 35” throat capacity—safety controls for to 12 x 120 in, Contains specifications, features, 
clamped on a table than mounted on a machine, job and operator—unusually. a drawings, and wheel sizes for each 


e 





horizontal machine. ion— 
heavy construction—and a GEAR MACHINES—Maschinenfabrik Lorens 
s : 4 dozen other exclusive fea- AG, Ettlingen, Baden, Germany. 8-page bulletin 
All controls are in a single movable on Lorenz gear cutters, hobbers, and shapers, 
gives specifications and illustrations of high- 
. ‘ . production accurate machines. Separate bulletins 
spindle from most convenient location on hobbers and shapers show more detail, il- 
lustrating various models. 


panel. Operator can control table and 


without ever changing his position. 
AUTOMATIC SCREW MACHINES—Guthery 
Machine Tool Corp, 130 W 42 St, New York. 
32-page catalog contains illustrated data on 
Traub machine toois, attachments, and acces- 


W. B. KNIGHT MACHINERY CO. « 3920 WEST PINE BLVD. « ST. LOUIS 8, mo. sories. 


er a ee RAM-PRESS BROACHING MACHINE — 
Colonial Broach Co, Box 37, Hurper Station, 
Detroit 13, Mich. 4-page bulletin RP-54 features 

The LINLEY JIG BORER special surface-broaching installations. Auto- 
> matic and semi-automatic fixtures, hydraulic 

clamping and multiple broach setups illustrated. 
Specifications and dimensions of machine line 


ee * . 
Put your small jig boring included. 
jobs on this precision machine GRINDERS—Landis Tool Co, Waynesboro, Pa. 
i catalog F-53 describes 18- 


20-page illustrated 

Here’s a machine. evelleble ot extremely low cost, that will and 24-in. plain and roll units. Includes sketches 
7 . . “ nd let cifications. 

enable you to save your larger machines for larger, heavier pana» xcs) gah cianigamaemaean 

work. You'll find it meets your most exacting requirements HYDRO-BROACH MACHINE — Cincinnati 

for precision. Get our accuracy information and you'll see Milling Machine Co, 4701 Marburg Ave, Cin- 


what an outstanding investment this machine represents. cinnati 9, Ohio. 11-page catalog M-1848 describes 
duplex vertical units. Lists design features and 


Table movement: 6” x 10”; table size, 7” x 1712”. advantages; applications illustrated and specifi- 


: P ti rovided. 
Send TODAY for complete information (eerie 
METAL SAWING MACHINE—Peerless Ma- 
Chine Co, 1600 Junction Ave, Racine, Wis. 16- 


LINLEY BROTHERS co. page brochure illustrates revised Mechani-Cut 


hack sawing unit. Contains data on automatic, 


664 STATE ST. EXT., BRIDGEPORT 1, CONN. semi-automatic, and manual conveyors used in 


conjunction with these saws. Charts included. 
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INCREASED PRODUCTION—BETTER RESULTS 


WALTHAM 
IMPROVED 
THREAD MILLING 
MACHINE 


One of our principal products is the Waltham Thread 
Milling Machine, recently improved. May we send an illus- 
trated sheet that tells all about these improvements? 


OTHER PRODUCTS 


Pinion and Gear Cutting Machines that handle work from watch pinions 
up to-gears 112” pitch diameter, 32 diametral pitch or finer. 





Small diameter cutters for thread milling, gear cutting. Also special 
forms. 


Small cutter sharpening machines. 


Sub-presses for precision work. 


WALTHAM MACHINE WORKS, INC. 
HIGH STREET, WALTHAM, MASS. 
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BURR KEYSEATERS 


MILLING MACHINE, Planer Type 


Bias Be gf "SARL EC SMe 

The new H-6000 Gray- » 

mills immersion type 

centrifugal coolant © 

pumps save space with- 

out sacrificing perform- 

ance or dependability. 

Simple to install . . . no 

pipe necessary below 

self-mounting flange. . . 

discharge port is above 

mounting flange . . . no 

seals, pa,king or bearings 

below liquid level . . . no 

metal to metal contact 

between moving parts, 

hence it can handle 

liquids, through a wide 

The Burr Keyseat Milling Machines while intended primarily for range of viscosity, EVEN 

keyseating are suitable for a large variety of plain milling. CONTAINING ABRA- _ : 

They are made in six sizes from 36” to 144” table length. SIVES. In appearance, ; Se 

This is a sturdy heavy duty machine equipped with a vertical performance and adaptability, new H-6000 

head. Series Coolant Pumps complement the 

Also Burr Portable Shaft Keyseaters in five sizes for hand, drill finest machine when used as original equip- 

and motor operation. ; : a ment or serve as an improved replace- 
Write for details. ment. Sizes for various immersion depths. 


BURR & SO INC Send for catalog and engineering data. 
flag ee GRAYMILLS CORPORATION 
S20-453 ‘MENET AVE., BROOKLYN 11, N. Y. 3707 NORTH LINCOLN AVENUE .» CHICAGO 13, ILLINOIS 


WEST COAST: 4511 MELROSE AVE LOS ANGELES 29 
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MANUFACTURERS’ FREE LIST . . . continued 


VERTICAL TURRET MILL—Rogers Machine 
Works, Inc, 1400 Seneca St, Buffalo 10, NY. 
6-page bulletin 653 illustrates the “‘Perfect 36” 
for boring, drilling, turning, and threading; in- 
cludes features and specifications. 


DECIMAL EQUIVALENT CARD — South 
Bend Lathe Works, South Bend 22, Ind. 3% x 
5%-in. chart lists equivalents of fractional parts 
of an inch to six places. 


OPPOSED SPINDLE DRILLING MA- 
CHINES—Walter P Hill, 22183 Telegraph Rd, 
Detroit 19, Mich.—2-page catalog sheet pro- 
vides operating description, application data, 

7 specifications, for condenser tube sheet drilling 
ty ar ty unit that drills up to 1200 %-in.-dia holes on 

ie 15/16-in. centers in forged steel sheets from 2 
to 5-ft. dia, and up to 6 in. thick. 


You can obtain almost unbelievable WHEEL DRESSER—Pratt & Whitney Div, 
savings in taps simply by keeping Niles-Bement-Pond Co, W Hartford, Conn. 4- 
them sharp. For once the face of a page folder covers Diaform models 2-A, 2B for 
single tooth begins to wear, the wheels up to 2 in. wide, and forms to 1 in. deep. 

accuracy and life of the tap begins Shows technique of dressing. 
to go down hill very rapidly. BRITISH-AMERICAN UNIFIED THREAD 


With the Blake Precision Sharpening MANUAL — Besly-Weiles Corp, Beloit, Wis. 
System, you can: (1) sharpen taps at Tap reference booklet contains latest % data on 
regular, planned intervals d (2) standards for internal threading, including 

g +P , an tabulated comparison. Includes information on 
Sharpen flutes and chamfers of taps to tap-drill sizes, selection, feeding speeds, terms, 


an exceptionally high degree of accuracy. and definitions. Request on company letterhead. 


Far longer tap life, precisely tapped SPECIALIZED PRODUCTION EQUIP- 
holes are possible with the Blake Chamfer MENT—Peerless Production Co, 19449 Glen- 


Grinder and the Blake Flute Grinder. dale Ave, Detroit, Mich. 28-page catalog illus- 
trates and describes 18 special machines. Tooling 


and parts processed by each are shown. 








LAYOUT DRILL—Cleereman Machine Tool 
Co, Green Bay, Wis. 8-page catalog 625 covers 
layout drilling machine designed for accuracy 
to 0.001 in/ft on tools, dies, jigs, and the like. 
Heavy base, 19-spine spindle, and friction feed 


Write for AN clutch that disengages at any point along spindle 


complete 
information 
today ! 


Here is the most delicate part 


travel are features. No. 4 Morse taper or Cleere- 
mzn jig-borer collets are available. 


ABRASIVE TOOLS—Metal Removal Co, 1546 
N Orleans St, Chicago 10. Wall chart showing 
carbide and abrasive tool shapes, and shapes of 


of the tap. If the face of the 


teeth are reground before wear carbide burs, is for shop use, reference in order- 
begins tap life can be increased ing. 


several hundred percent. 
HORIZONTAL BENCH MILLING MaA- 


CHINE—Elgin Tool Works, 1776 W Berteau, 
Chicago 13, Ill. 4-page folder gives features, 


enward BLAKE company a 


° GRINDING & CUTOFF WHEELS—Sandusky 
435 CHERRY STREET WEST NEWTON 65, MASS. Abrasive Wheel Co, 619 W Ransom St, Kala- 


y i ; mazoo, Mich. 12-page catalog describes line of 
“ids Black Diamond Precision Drill Grinders * Surface Finish Standards MINER beiiber ond sesieédiber tented whee, 


wy BLAKE PRECISION SHARPENING SYSTEM mounted points, and abrasive sticks and blocks, 

for all types of light grinding, polishing, de- 

burring, and tool sharpening, and most cutoff 
applications. 


METAL CUTTING WALL CHART—Victor 
Saw Works, Middletown, NY. Tabulates data 
on hand, power, and bandsaws. Three tables 
indicate correct blade for cutting 40 different 
materials. Explains how to cut thin-wall sec- 
tions, how to start a cut, how to saw thick stock, 


From the American Machinist Library how to avoid common troubles. 


; AUTOMATIC TURRET LATHE—Potter & 
of Tips for Top Shop Men Johnston Co, Newport Ave, Pawtucket, RI. 4- 
page bulletin 153 contains detailed specifications 
of Model 4-U. Features illustrated, as well as a 
typical application. 
RO i : Pi 
CEDURE for methods improvement: Pick EST 
‘s 4 ss & Machine Co, 5600 St Jean St, Detroit 13, 
an operation to be improved. Put down In Mich. 16-page booklet presents essentials, basic 
principles, elements of machine operation, re- 
one Pp cent developments, diagonal shaving. Available 
writing what happens—the details. Challenge units illustrated. 
- i a SCREW THREADS-—Greenfield Tap & Die 
each detail in order. Where a chance for improve- Corp, Greenfield, Mass. 52-page handbook of 
technical information on Unified and American 
threads. Covers tap and product limits; toler- 
ment appears, develop the better method. Apply ances; table of constants for finding elements; 
suggested taps and tap drills. speeds and lubri- 
cants. 


it on the job. ; sii 

FEED & SPEED CALCULATOR — Wendt- 
Sonis Co, 929 Collier St, Hannibal, Mo. For 
all carbide machining operations; has wide range 
of feeds, speeds, and depth of cut, also a carbide 
grade chart. 
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15” model 


F.O.B. Los Angeles 


NEW! Faster Controls 
IN 15”, 16” & 20 MODELS 


LCL eit la eye DEALER 


INQUIRIES 


ENGINEERING & & SALES, INC. INVITED 








KEYSEATING 


The Modern 
Way 


Illustration 
shows typical 
set-up for cut- 
ting taper 
keyways with 
table tilted. 


Machines are 
made in three 
sizes for key- 
ways 1/16” to 
1” in width. 


Great simplicity and ease of operation of Davis Keyseater, 
assure the user of accurate, time saving work. 


Let our engineer study your keyseating problems. 


DAVIS KEYSEATER COMPANY 


403 EXCHANGE ST. ROCHESTER, N. Y. 
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HIGH SPEED AUTOMATIC 
ABRASIVE BELT MACHINES 


STRAIGHT-O-MATIC 
High Speed Grinding— 
High Speed Polishing— 

High Speed 
Deburring 


Customers report 
savings up to 50% 


Conveyor Model Roll Feed Model 


GRINDING and POLISHING 
SPECIALISTS FOR OVER 50 YEARS 


ROTARY AUTOMATIC 


Wet grinder with hydraulic auto- 
matic indexing rotary table and 
hydraulic rotating -work spindles. 
For fast close tolerance production. 


WIDE SELECTION FOR INDUSTRY 


Centerless Grinding 
and Polishing Attachment ‘ 
Completely integrated 


pedestal type 
grinding and ? 
polishing ay ‘ 


machine 


Contact 
grinding and polishing machine 


Can be used permanently or 
intermittently with existing 
polishing lathes or backstand 


equipment. Swing Frame Grinder 


Horizontal 
Platen Grinder 


& rugged 
precision- 

built 

Swing 

Frame 

Grinder 

for long service 


Equipped with serrated rubber 
contact belt and both platen 
and contact roll—two speed motor. 


DESIGNERS AND BUILDERS OF SPECIAL MACHINES 
INFORMATION and ENGINEERING SERVICE ON REQUEST 


Mommy lace 


wa CURTIS MACHINE CORP. 


1939 Gibson Street «+ Jamestown. N. 








Apart from portable tools— 
classified under a 

separate heading—all 
items in this section deal 
with the perishable and 
permanent tools and 
fixtures required in 


@ MACHINE TOOLING 


Lathe tooling 

Boring and trepanning 

Gear cutting 

Special machines and setups 
Carbide tools 

Tooling — general 


@ JIGS AND FIXTURES 
Chucks and holding devices 
Weld, braze and heat treat fixtures 


@ PRESS TOOLS 


Plastic and soft metal dies 





Tooling 


MACHINE TOOLING 


Lathe tooling 


Life of single-point tools may be in- 
creased 3 to 4 times by increasing 
flank clearance angles from 7 to 12°. 
Theory is that surface compresses at 
tool tip, then springs backs and causes 
flank rubbing and wear if clearance is 
too small. AM—Aug 17 ’53, p145 


Setup time is sharply reduced at 
Fulton-Sylphon Div, Robertshaw-Ful- 
ton Controls, by employing a setup 
slug. This is a completed part that has 
not been cut off from the stub end of 
bar stock. Slug is clamped in one 
collet of multi-spindle bar machine, 
indexed to each position, and tools 
set to it. A few parts are run off and 
inspected, then tools are set exactly 
by micrometer adjustments on cross- 
slides. Savings in setup time amount 
to 40 to 50%. AM—Feb 15 °54, p177 


Jig dritled 
blank 


‘Shank 


Form tool corrections can be worked 
out by mathematics, or graphically, 
but a fast and accurate solution for 
most circular and dovetail form tools 
can be obtained by the method of dif- 
ference curves. Charts are easily con- 
structed for a given range of values. 
Formulas and examples are given. 
AM—Mar 15 °54, p171, 173, 175 


Turning and boring tools for machin- 
ing powder-metal parts must be kept 
dead sharp. Nose radius of 1/64 to 
1/32 in. will permit a feed of 0.001 
to 0.005 ipr; radius of 1/16 in. per- 
mits a feed of 0.010 to 0.015 ipr. 
Same design may be used for shaping 
and planing tools, but heel relief 
angle may be reduced to 2° if feeds 
are too coarse to provide a smooth 
surface. AM—April 26 °54, p102 


HSS TOOLBITS FOR FLAT AND CIRCULAR FORM TOOLS are held by clamp and screws, 
can be changed without disturbing machine setup. Pins insure positive location, and bits 
are ground in fixture for exact repetition of form. AM—Aug 3 '53, p!08 
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TOOL CHATTER on a Mult-Au-Matic cross- 
feed can be prevented by fastening the 
toolblock to the ways by a heavy coil 
spring. This is particulerly helpful on inter- 
rupted cuts, or when material is difficult to 
cut. AM—Nov 9 ‘53, pl24 


Successful chip breaking requires a 
chip breaker of balanced design to 
curl and break the chip to the de- 
sired degree with minimum obstruc- 
tion to chip flow. Actually, the chip 
breaker does not break the chip, it 
curls it; breakage occurs when the 
end of the chip meets an obstruction. 
Amount of curl depends on the width 
and height of the groove which pro- 
duce a chip flow circle. AM—April 
26 °54, p118 


Degree of chip breaking is controlled 
by the radius of the chip-flow circle 
and the feed; it is increased at increas- 
ing feeds and decreasing radii. Any 
type of chip can be produced by any 
chip breaker within a limited feed 
range, but the important thing is to 
produce the most acceptable type, 
kceping in mind the factors of tool life 
and ease of chip handling. Excessive 


AM production nuggets... 


TAPER FACING is made easy by mounting 
a templet with the required angle in the 
hex turret. A ball bearing is press-fitted on 
a stud held in the square turret. With the 
ball bearing touching the near edge of the 
templet and the tool just touching the 
work, the turret is locked and the tool fed 
across the work by the cross-slide. AM— 
Nov 23 ‘53, pl60 


breaking will expose the tool to a 
heavy, vibrating load and will have 
damaging effects. AM—April 26 ’54, 
pi21 


Corner radius on a _chip-breaker 
groove has an important effect on 
chip curling, as do the slope and the 
heel angle. The latter should be be- 
tween 35 and 50°; if it is too nearly 
vertical, chip flow is interrupted and 
the tool point, or chip breaker, or 
both will be sheared off. Too sharp 
a corner is probably responsible for 
more damaged tools than any otler 
error in tool grinding. AM—April 26 
54, p123 


Chip breakers can be of various types, 
either ground or clamped. The ground 
type may be of the step or groove 
style. Each type has its particular ap- 
plication and should be chosen to suit 
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MANAGEMENT, PERSONNEL 


MACHINING 


TOOLING 


PRESSWORKING, 
MOLDING, CASTING 


INSPECTION, TESTING, 
QUALITY CONTROL 


ASSEMBLY, WELDING, 
PORTABLE TOOLS 


HEAT-TREAT, CLEANING, 


FINISHING 
MATERIALS, COMPONENTS 


\ i 
(MATERIALS HANDLING, 
SERVICES | 


PRIZE IDEAS, 
REBUILT EQUIPMENT 


A 


G 
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operating conditions. Detailed instruc- 
tions are given for selecting the vari- 
ous styles. AM—May 10 ’°54, p179, 
181, 183 


Improperly drilled center holes are a 
frequent cause of trouble with work 
machined between centers. Most 
common errors are: Hole size is not 
correctly proportioned to workpiece 
weight; hole is not drilled to correct 
depth or angle; center itself is worn or 
was not ground to correct included 
angle. A chart and table give the 
proper size of center drill to use for 
different loads under 2000 Ib. and 
sizes of center holes for greater 
weights. Centers should be ground to 
60° 15’ to insure proper contact. AM 
—Dec 7 ’53, p171 


Application of carbide tools to two old 
lathes was made possible by fitting 
new pulleys to increase spindle speed 
from 105 to 160 rpm. As a result, 
production was increased from 15 to 
60 axles per shift on the two ma- 
chines. Chatter encountered with the 
increased speed was overcome by 
loosening guide ways and clamps 
slightly. d4M—July 19 °54, p157 


3 
14 


10"! |i2 
ATA 


Cutter Layout 
Detail 


| 
V-—} 
i] 

¥ 


CONTOUR TURNING TOOL for long sur- 
faces can be made by designing the tool in 
the form of a cam and rotating it by a rack 
and pinion. AM—Feb [5 ‘54, pl64 


Boring and trepanning 


Special tooling on two-head Heald 
boring machine makes it possible to 
bore bearsags within 0.0003 in., and 
to rough and finish turn, and face and 
chamfer rabbet fits within 0.002-in. 
tolerance, holding concentricity with- 
in 0.003 in. Setup permits tatking all 
cuts without rechucking the work. 
AM—Dec 7 °S3, p131 
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SPECIAL BORING BAR with offset tool- 
holder is equipped with differential gearing 
so toolbit automatically feeds down and 
out to produce angular relief when boring 
holes in die blocks. To prevent accidents 
if the feed pin reaches the bottom of its 
slot, a wooden torque rod will break and 
stop further feed pressure. AM—Dec 7 
'53, pl67 


Trepan cutters require close attention 
to design, and may be of several 
different designs, and with a single or 
multiple cutting tools. Size of hole is 
one factor to consider, but multi-tool 
heads can be fed much faster than 
single-cutter heads. AM—Jan 4 ’54, 
p107 


Cutters for trepanning heads are 
sharpened by holding in a special 
block that has the same angles as 
the tool. Time is saved and errors are 
avoided by tipping the block on the 
magnetic chuck to produce the de- 
sired angles. See iliustration under 
Grinding. AM—Jan 4 ’54, p114 


Master plate permits rapid setup for 
repetitive, close-tolerance jig boring 
at Ford Instrument Co. Fixture has 
hardened and ground bushings cor- 
responding to hole locations in the 


r Revolving in Retginer 

‘ /osure -. 

\ flange r-Retainer ae 
Boll thrust | Coolant N 

bearing, ; rOii seal jniet 


Flonge 


Toper roller 


work. When knob on baseplate is 
turned, locating pin emerges to en- 
gage any particular bushing and align 
it with the machine spindle. AM— 
June 21 °54, p117 


Precision boring of small shafts is 
achieved by holding the tool on the 
compound of a bench lathe which is 
mounted on the table of a Heald 
Bore-Matic. The work is carried in a 
split nest on the machine spindle and 
rotates at 5500 rpm. Concentricity is 
held within 0.0002 in. at Ford Instru- 
ment Cc. AM—June 21 °54, p117 


For boring small parts in a Hardinge 
bench lathe, the work is held in a 
brass collet held in a conventional 
collet. The brass collet is threaded, 
split, and equipped with a knurled and 
threaded collar, and is readily rebored 
for each new piece shape. AM—June 
21 °54, pl18 


Air-operated chuck on Bore-Matic 
speeds loading and unloading of work. 
Chuck-jaw adapter is hardened and 
ground to nest specific part which is 
bored concentric with OD within 
0.0002 in. AM—June 21 ’54, p118 


SPECIAL FACING TOOL clamps on coolant 
gland to face and bore end of work to start 
trepanning head. Starting bore must be 
accurate as it guides initial direction of 
trepanning head. Face must be smooth and 
square to provide coolant seal. AM— 
Jan 4 '54, pll3 


Thrust ne 
Toper roller collars £ Closure 


f Housing Rearing. 














bearing; 
y g 


Adjusting 
collar 














; ¥ 
“Neoprene Bushing 


Ri Rh STR 
gues me Closure 


\---Adjusting collar 
(Spec. wrench) 


REVOLVING BAR SUPPORT (!/2 CROSS-SECTION) used when trepanning tool is rotated. 
When bar simply slides in the support, only a bronze bushing is needed in place of the 


roller assembly. 


enters at 175 to 300 psi, and closures prevent its escape. 


Revolving flange and neoprene gasket seats against end of work. Coolant 


AM—Jan 4 '54, pl !0 
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Gear cutting 


A standard universal dividing head, 
plus a rotary table, can be employed 
to generate bevel gears on a standard 
shaper. Change gears between the two 
components establish the desired ratio 
of rotation to conform to the particu- 
lar cone-pitch angle of the gear blank. 
AM—Mar 1 ’54, p122 


When cutting helical gears on a gear 
shaper, include the cost of the helical 
guide in the tooling costs. It is suit- 
able for only one helical lead of a 
given hand, and is usually confined 
to use only with a cutter of the same 
hand and lead. AM—Mar 29 ’54, 
p10l 


GEAR SHAPER CUTTERS must have three 
rake angles. 5° face cutting angle and 
2° side clearance angle are usually fixed. 
Top angle varies with pressure angle, and 
its function is to maintain tooth depth 
consistent to tooth thickness throughout 
cutter life. Cutter is sharpened only on 5° 
face angle; thus it remains a mating gear, 
but only at the cutting face. AM—Mar 
29 ‘54, plOl 


Two-piece adapter is employed for 
hobbing miniature gears within 
0.0003-in. total indicator reading. 
Adapter assembles to machine arbor 
with a drawscrew and is split to per- 
mit shifting to correct for eccentricity. 
AM—June 21 ’54, p119 


Determination of the exact shape of 
a worm thread is usually made by 
profile measurements on a master 
worm, which is then saved for the 
record. A mathematical solution is 
more convenient and reliable, and 
avoids storing bulky masters, and the 
expense of making them. To simplify 
the somewhat involved calculations 
necessary, a nomograph has been de- 
veloped. AM—July 5 °54, p113 


Tests made by Gould and Eberhardt 
to evaluate the Wildhaber formulas 
(AM—June 21 °54, p149) as to the 
effects on wormgears of setting on 
size, oversize, and undersize indicate 
that the lead should be lengthened on 
the coast side. AM—July 5 °54, p166 


Special machines & setups 


Machining commutator slots was ori- 
ginally performed on a milling ma- 
chine on a one-slot-at-a-time basis. 
Operation has been speeded up at 
Ford by broaching 28 slots simultane- 
ously in a special setup on a punch 
press. See illustration under Broach- 
ing. AM—Oct 12 °53, p130 


Expanding and crimping machine is 
employed for simultaneously sizing 
refrigerator evaporator and locking 
the back plate into position. It oper- 
ates on automatic cycle for high pro- 
duction. AM—Oct 26 °53, p126 


Vane slots in jet engine rings are 
pierced on automatic, horizontal press. 
Two slides permit punching outside-in 
or inside-out. 64 slots are punched in 
stainless steel ring in 40 sec. AM— 
Nov 9 ’53, p125 


Flanging operations don’t have to be 
done on a big press. A special machine 
was designed by Hotpoint for making 
return flanges on refrigerator liners. 


It can handle all four sizes required, 
needs no special dies, can be handled 
by one man in a 7-sec cycle, as against 
10 sec on a press, and frees a big press 
for other work. AM—Dec 7 '53, p162 


MULTI-HEAD MACHINE punches all fix- 
ing holes in sides and top of wash machine 
cabinets at the same time. Work is held 
in V-block and gripped by expanding link- 
age mechanism in the center. M—Nov 28 
‘53, pl979 


Ingenious tooling setup on Gisholt 
Simplimatic lathe permits multiple 
operations to be performed on both 
ends of a banjo housing. Certain turn- 
ing and facing operations are per- 
formed on each end, then work is 
turned end for end and the operations 


EDGES OF BLANKS FOR WASH MACHINE CABINETS ARE ROLL-FORMED on a special 


Swedish machine. 


Sheets pass to units which notch the edges, then to tangent benders 


which form them to final cabinet shape. Entire setup is conveyorized. M—Nov 28 ‘53, pl978 
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not performed at the first operation 
on each end are performed at the 
second operation, using the same 
tools. With minor changes, the same 
setup can serve for three sizes of 
work. See illustration under Turning. 
AM—May 10 ’54, p130 


AUTOMATIC Wiedemann turret punch press 
is controlled by digital computer. Work can 
be positioned to 0.001 in. from data supplied 
by punched acetate card. Carriage is moved 
by pneumatic cylinder, and control head 
actually counts the number of thousandths 
the table moves, stops at thousandth mark 
specified. AM—Feb 1|5 ‘54, p182 


First Canadian-built transfer machine 
has been installed at Ford plant, 
Windsor, Ont. Built by Modern Tool 
Works, it consists of 15 work stations 
designed around five basic “island” 
sections. Additional work stations can 
be added, if needed, to take care of 
design changes, and complete section 
assemblies can be added or removed. 
All cutting tools are exposed for 
changing. AM—June 21 °54, p166 


Specially modified cutters are required 
for Cincinnati high-speed mill at Con- 
vair plant. Face mills have forged 
bodies with one inserted-carbide tooth 
per inch of dia. Teeth have 30° axial 
rake, 20° radial rake, 10° clearance 
angles without land, and 1/16 x 45° 
chamfer. AM—July 5 °54, p131 


End mills for use in Cincinnati high- 
speed mill at Convair are HSS with 
30° left-hand helix. Clearance angles 
are 18° to prevent clogging with chips. 
AM—July 5 ’54, p132 


C4 


BLOW STAND cleans chips from holes in 
clutch plate in one operation. Cylinder 
under table feeds air to four jets which can 
be adjusted to new positions for other parts 
by replacing fixture. Unit is safer and 
faster than air hose. AM—June 21! ‘54, 
p!30 


Carbide tools 


Carbide tools ground with silicon 
carbide wheels show microscopic saw 
edges; those ground with diamond 
wheels are smoother and _ sharper. 
Moreover, silicon becomes embedded 
in ragged edges and may be a factor 
in reducing tool life. AM—Aug 3 ’53, 
p120 


Nickel shim sandwich for brazing on 
carbide tool tips is claimed to give 
much better tool life than conven- 
tionally brazed or clamped tips. AM— 
Aug 31 53, p68 


Cracking of carbide tools may be 
caused by thermal shock introduced 
by alternate heating and cooling as a 
result of chips interfering with coolant 
flow. Mist cooling tends to eliminate 
this trouble. AM—Sept 14 °53, p139 


Carbide tool breakage usually occurs 
for one of four major reasons: im- 
proper tool design or selection; im- 
proper tool preparation; improper ap- 
plication; or machine-tool malfunc- 
tion. To help in examining failures, 
use an eraser to clean off dirt, a 10x 
or 16x glass to examine surfaces, a 
protractor to check angles, and a small 
file to check shank hardness. AM— 
June 21 °54, p159, 161, 163; July 5 
54, p155, 157, 159 


Worn or broken carbide tool tips are 
salvaged at Bethlehem Steel Co by re- 


moving from the shanks and cutting 
to a new size for milling cutters or 
small-tool applications. AM—July 19 
54, p157 


Carbide tools can be ground up to six 
times as fast with less than 1% 
diamond wheel wear when grinding 
is electrolytically assisted. A 5% solu- 
tion of sodium nitrite in water is a 
satisfactory electrolyte. After pro- 
longed use, wheel becomes loaded 
with a soft deposit, but this can be 
removed with a stiff scrubbing brush 
without any consumption of diamond 
AM—Sept 28 °53, p122 


Carbide-tipped valve-seat cutter, with 
long pilot and compression spring to 
even out the load, eliminates grind- 
ing operation formerly required. AM 
—Oct 12 ’53, p148 


Don’t use lapped or superfinished car- 
bide tools for rough cutting on steel. 
You’re wasting time and money 
because the tool will fail faster. For 
finishing, it’s a different story—at least 
a diamond-ground edge should be 
used. For the light alloys, lapped 
edges are a must. AM—Oct 12 ’53, 
p201 


COMPARISON between performance—sur- 
face feet per min—of HSS, early carbide, 
and present-day carbides on various produc- 
tion machining jobs at Ford. AM—Oct 12 
53, pl84 


Carbide tools made from a new, 
harder and tougher tungsten carbide 
(Carboloy) will permit higher speeds 
and heavier cuts. Material will stand 
up to 1800 F. AM—Oct 26 °5S3, p97 


Carbide-tipped lathe centers are rec- 
ommended for high speeds and heavy 
cuts, but anti-friction bearing types 
are even better where high accuracy 
and long life are important. AM— 
Oct 26 °53, p130 
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Triangular carbide tool inserts reduce 
tool cost and machine downtime. Cost 
per workpiece (forged steel cylinder 
barrels) is reduced from 1¢ to 1/13¢, 
as compared to conventional brazed 
tip. AM—Nov 9 ’53, p119 


Replacement of HSS tools by a soft 
grade of carbide (K1) increases per- 
missible feed and speed ranges on 
older machines not able to employ 
regular carbide to best advantage. AM 
—Nov 9 °53, p122 


Spar-milling cutters with helix-ground 
face have constant rake angle in re- 
lation to cutter axis, resulting in 
higher efficiency, less frequent grind- 
ing, and 20% increase in carbide tip 
life. Helix grinding is performed with 
special attachment on cutter grinder. 
AM—Nov 9 °53, p124 


TWO-BLADE HELICAL CUTTER (right) for 
spar mill at Convair (former cutter shown at 
left) is 6 in. in dia with 40° helix on carbide 
blades, can cut 75ST at 5-in. depth, 2!/>-in. 
width, 3600 rpm, with feed of 320 ipm. 
Similar four-blade cutter handles !!/4 in. 
depth of cut. Both produce 40 to 80 mu in. 
rms finish, and are made by Sonnet Supply. 
AM—July 5 ‘54, pl33 


Optimum shapes, rake angles, clear- 
ance, and dimensions for chip break- 
ers on carbide tools have been 
established by NMTBA and are pub- 
lished in booklet and chart form for 
toolroom use. AM—Nov 9 °53, p180 


Chip breakers in carbide tools do not 
need to be ground across the full 
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Square, Triangular and Round Inserts are Hollow- Ground 


width of the tool face; you can save 
time and diamonds by making them 
just long enough for the full depth 
of the cut to be taken by the tool. 
Set wheel to grind to full depth and 
width at one plunge cut. Properly 
ground, wet, plunge grinding will pro- 
duce smoother cutting edges. Rate of 
wheel wear is so slow that extra care 
must be taken not to chip corner of 
wheel, because wasteful dressing would 
be needed to clean up nicks usually 
worn away by wheel wear. AM—May 
24 °54, pi13 
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FOUR-FACED carbide-tipped turning and 
facing tools for machining rabbet fits on 
die-cast brackets are supported on posts set 
in rough and finish toolblocks. When tool 
becomes dull, it is rotated 90° and set to a 
setting gage. AM—Dec 7 ‘53, p132 


_- Carbide tip 





Chip breakers on round, solid carbide 
tool inserts can be produced by taking 
a series of straight passes across edge, 
eliminating peripheral grind of ledge, 
which is rough on wheels. Similar tech- 
nique can be employed on square 
inserts. See illustration under Grind- 
ing. AM—May 24 ’54, pl115 


Carbide-bladed, high-helix milling cut- 
ters produce 150 spar caps at Convair 
in 16 hr, instead of 48. Feed is tripled 
to 300 ipm at 3600 rpm. On end mill- 
ing job, cost was cut from $3 each 
with HSS straight-flute cutter to 19 
cents with helical carbide one. AM— 
Dec 21 °53, p81 


Clamp-type carbide toolholders usual- 
ly present the tool at a negative rake 
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Size of Chipbreakers Varies With Cuts to be Token 


angle, so front and side clearance 
angles are provided without grinding. 
Older styles of multi-tool automatics 
can’t handle the negative rake but 
could use clamp-type tools economical- 
ly. Hollow grinding the inserts makes 
passible a zero or positive rake, allows 
heavier cuts at increased feed and 
speed. AM—Jan 4 ’54 p89 


Carbide tools for machining titanium 
may chatter. A 45° land honed on 
the cutting edge 0.005 to 0.010 in. 
wide may reduce this; otherwise re- 
duce the feed. For alloy forgings use 
44A or 55A grade at 50 fpm with 
0.010- to 0.020-in. feed, and %4- to 
%-in. depth of cut. If there is no 
scale, use grade 883 at 150 to 200 
fpm with same feed and %- to %-in. 
depth of cut. For finishing, use grade 
883 or 999 at 300 fpm, 0.005- to 
0.010-in. feed and 1/64- to 1/32-in. 
depth of cut. Double the speeds for 
commercially pure titanium. Success- 
ful tool designs are: 5 to 7° side rake, 
0 back rake, 45° side cutting edge 
angle, 5° end cutting edge angle, 0- to 
1/64-in. nose radius, and 10° relief 
on side and end; a triangular insert 
with %-in. or %4-in. inscribed circle; 
or a ¥%-in.-dia. round insert. AM— 
Feb 15 °54, p147 


Carbide and HSS cutting tool mate- 
rials are soluble in titanium at elevated 
temperatures. According to tests made 
by Cincinnati Milling, cast-iron-cut- 
ting grades of carbides are better than 
steel-cutting grades for machining 
titanium. AM—June 7 °54, p172 


Data obtained from a study of the al- 
loying action of titanium support evi- 
dence that steel-cutting grades of car- 
bide tool material give poorer tool life 
when machining titanium than do 
straight cast-iron cutting grades. AM 
—July 5 °54, p120 


Novel design of carbide-tipped cutting 
tools combines roughing and finishing 


HOLLOW-GROUND carbide 
toolbits may increase cutting 
rate by 25 to 30% if the lathe 
has enough power for conven- 
tional turning with negative- 
rake tools. Finish may not be so 
good but can be improved by 
employing large corner radii, 
or by changing from triangular 
to square, or square to round 
tools. AM—Jan 4 ‘54, p90 





c5 





AM production nuggets . . . TOOLING 


in one tool. Unusual feature is that 
finishing edge is parallel to the axis 
of the work. Tool was designed in 
Russia, and productivity is said to be 
increased from four to seven times 
over that of conventional tools by 
elimination of a separate finishing cut 
and by higher spindle speeds and feed 
obtainable. AM—April 12 °54, p170 


Small solid-carbide burs, 0.160 and 
0.090 in. in dia, replace pencil wheels 
for grinding arcuate slots in hardened 
8713 steel. Production is increased 
about four times. Both spiral and 
diamond-cut burs have been used in 
a Bryant No. 1109 internal grinder 
with high-frequency wheelhead. Dia- 
mond-cut burs made by Atrax Corp. 
Farmington, Conn, produce best finish 
but break down faster than spiral-cut, 
which leave marks on surface. Op- 
timum speed appears to be about 
70,000 rpm. AM—April 12 °54, p173 


HELICAL CARBIDE CUTTERS are pro- 


duced at Boeing by heating inserts to 2200 
F and twisting to shape. These cutters have 


reduced the milling time on a wing stiffener 
from 45 min with HSS 
Convair, similar cytters have a 40° helix and 
spar m 
140 to 320 ipm 
s 7/16 in. deep and 27% in. wide. 
July 5 '54, p 134 


utters to 7 min. At 


ing feeds have been increased from 
Speed is 3600 rpm and cut 
AM— 


Carbide-tipped tools have been ap- 
plied successfully to multi-spindle bar 
machines by cooperation between 
Cone Automatic and Carboloy. Pro- 
duction increases have been from 50 
to 100%. Existing machines can be 
converted to carbide, but new designs 
wiil probably be made for carbides 
specifically. Carbide grade and tool 
geometry are critical, and tool holders 
and attachments must be engineered 
for the job. Apply water-based coolant 


Gang setup of 37 carbide blades, 
0.070 in. wide, forms 36 fins 1 in. 
deep and 0.048 to 0.038 in. wide, and 
faces the ends of aluminum cylinder 
barrels on Fay automatic lathes. Over 
half a bushel of chips are fed through 
the tool block to a flight conveyor for 
each barrel. AM—July 19 °54, p123 


Tooling . . general 


You can reduce tool costs by eliminat- 
ing finishing where it is not ‘needed, 
by using wide tolerances on unim- 
portant dimensions, and by leaving 
more to the discretion of the tool- 
maker. Don’t detail drawings excess- 
ively, and don’t fuss over unimportant 
dimensions. AM—Aug 17 °53, p130 


Index tool permits drilling 180 pilot 
holes per min at Boeing Airplane, 
Wichita; saves 78% in man-hr. AM 
—Sept 14 ’°53, p191 


High-rake cutters are proving highly 
successful for milling and tapping. 
HSS cutters appear to be best for 
milling HSS. On a wide variety of 
materials, high rake permitted in- 
creased speeds, longer tool life, better 
finish, less power, lower temperature. 
AM—Sept 28 °53, p133 


Hand-held templet-corner cutting ma- 
chine, no bigger than a rivet gun, will 
shear 0.090-in. annealed _ stainless 
steel twice as fast as hand-operated 
arbor press. Machine is made in Boe- 
ing plant and is not for sale). AM— 
Oct 12 °53, p105 


Predetermined tool life is shown on 
tool-control board developed by Cross 
Co and used on Ford transfer ma- 
chines. When tool needs changing, 
signal lamp on board lights up and 
machine stops. Replacement tool is 
immediately available on board at in- 
dicated location. See illustration under 
Quality Control, AM—Oct 12 °53, 
p129 
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Hardened scribe 
SCRIBER POINTS meade of hardened steel 


and attached to the jaws of a vernier caliper 
by brass clips, make it easy to check scribe 
marks to close limits. If carefully made so 
the points are in line with the caliper jaws, 
they are direct-reading and can be used for 
checking or scribing. AM—Nov 9 ‘53, p1l68 
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ie 





x 
\ 

















COz 
supply 


Coo/ant. Outlet 


reservoir 


STANDARD TOOL SHANK DESIGNED FOR COsz. Supply enters reservoir under tool bit 
from capillary tube (upper sketch). Bore of tube, about 0.011 in. in dia, cantrols flow. For 
closer control without pressure drop and formation of solid COg remote from the tool, an 
orifice-valve unit has been designed (lower sketch). AM—Feb 15 ‘54, pl3! 


generously, and seal bearings against 
it. Adequate horsepower on spindles 
is essential. AM—July 19 °54, p159 
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Trouble with a broach may not be the 
fault of the tool. Check list helps to 
locate the trouble and gives hints on 
how to cure it. See under Broaching. 
AM—Oct 26 °53, p155 


Small aluminum pistons are machined 
from barstock in two operations on 
P & J automatics. AM—Nov 9 ’S53, 
p162 


Cap screw on lathe headstock spindle 
holds adapter sleeve when drill chuck 
shank is knocked out. To remove 
sleeve, unscrew cap and knock out. 
See illustration under Drilling. AM— 
Nov 9 ’53, p165 


The right tooling is just as important 
as the right machine, so make sure 
you are getting the best equipment 
for the job. A simple formula will 
show how long it will take for new 
tooling to pay for itself. For short-run 
jobs, select tools for versatility. AM— 
Mid-Nov ’53, pCl 


To save time in calculating new ordi- 
nates when the reference base has 
been changed, tables are given for 
every 5° of angle and for each 1/64 
in. to 1 in. AM—Dec 21 53, pi31, 
133, 135 


Color code at Rohr Aircraft Co identi- 
fies tooling with the contract on which 
it is to be used. Large color charts 
posted in the shop help to familiarize 
shop personnel with the colors as- 
signed. System simplifies identification, 
storage, and pickup of tooling for 
different jobs. AM—Mar 15 °54, p150 


Drills for use on powder-metal parts 
may be standard HSS and should op- 
erate at about 70 sfpm: however, 
carbide-tipped drills can operate at 
200 sfpm. Power feed is preferable 
a rate of 0.002 to 0.004 ipr for % 
%-in.; 0.004 to 0.006 ipr for % 
%4-in.; 0.006 to 0.008 ipr for % 
%-in.; and 0.008 to 0.012 ipr for 
to 1-in. AM—April 26 °54, p103 


Milling cutters for powder-metal parts 
should be run at 250 to 300 sfpm if 
carbide tipped; 70 sfpm if HSS. 
Helical teeth provide best chip dis- 
posal. Grind tools with minimum 
corner radius, or preferably with 
beveled corners. Best roughing feeds 
are 0.002 to 0.005 in. per tooth; 
finishing feeds, 0.001 to 0.002 in. AM 
—April 26 °54, p103 


Manufacture of master cams for con- 
trolling cam-grinding machines calls 
for special care and a high degree 
of skill. Various methods may be used, 
including making directly from the 
drawing, and working from an over- 
size model to a toolroom model to a 
final master. AM—May 10 °54, p138 


For machining titanium, a zero rake 
on Stellite tools gives better tool life 
than 10° rake. Tool life is also im- 
proved by jet plus curtain cooling. 
AM—May 24 ’54, p157 


For machining SAE 4340 steel heat 
treated above 260,000 psi tensile, HSS 
tools wear so rapidly as to be imprac- 
tical. Best results are obtained with 
carbide grade 350, using essentially 
the same tool geometry as for conven- 
tional steel. AM—July 5 54, p135 


Cam-contour grinding can be per- 
formed by several types of grinders 
now available. These range from high- 
production models to attachments for 
plain and universal grinders. Develop- 
ment of the contour may be from a 
master cam or by generation through 
suitable mechanism. AM—May 10 
°54, p137 


Tool troubles can often be isolated 
by high-speed motion pictures. At 
Gilman Engineering, excessive tap 
breakage on a prototype Indexomatic 
machine was traced to stalling char- 
acteristics of drive motor and insuffi- 
cient chip clearance on taps. Pictures 
were taken at 3000 frames per sec 
and projected at slow speed. AM— 
June 7 °54, p156 
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. Extensive research at University of 


Illinois has developed a Thermal 
Number as a measure of the efficiency 
of metal cutting. The number is based 
on the amount of metal removed at a 
given depth of cut per unit of time. 
AM—June 7 °54, p145 


Molds for vacuum and draw forming 
of thermoplastic sheet may be made 
from wood, reinforced plaster, plastic 
resin, and sprayed metal for low pro- 
duction. For high production, alumi- 
num, steel, Kirksite, bronze, tempered 
Masonite, or high-grade mahogany is 
preferred. Electroplating is also em- 
ployed to produce high-grade molds 
at low cost. PE—June °54, p134 


Transmission of pressure for clamping 


‘and for such work as operating auxil- 


iary punches in die sets is being per- 
formed through the medium of a plas- 
tic mass by Soviet engineers. See 
under Plastics. AM—June 21 ’54, 
p126 


Tool dynamometer makes it possible 
to calculate such quantities as the 
amount of work expended on shear 
plane in the process of chip formation, 
friction force between tool and sliding 
chip, and amount of work expended 
in overcoming chip friction in ma- 
chining titanium. AM—July 5 ’54, 
p120 


JIGS AND FIXTURES 


Machining a compound angle is fairly 
simple if you know how to adjust the 
machine vise horizontally and vertical- 
ly. There’s a formula that gives the 
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PRESSURE DEVICE ON DRILL JIG holds work more securely against back stop, prevents ° 


wobble. AM—Sept |4 '53, p!70 
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answer. See correction AM—Nov 9 
53, p93. AM-—Aug 3 ’53, p106 


Clamping devices for cylindrical mem- 
bers can be made in many forms. 
Clamps for single and multiple hold- 
ing are shown. AM—Aug 17 ’53, 
p139, 140 


Special expanding mandrel holds 20 
ring gears in ID for hobbing teeth. 
Normal variations in ID are compen- 
sated for by float, so positive locking is 
assured and accuracy is high, AM— 
Oct 12 °53, p146 


Massive bases for airplane assembly 
jigs are being made by Boeing out 
of reinforced concrete. They are less 
expensive and more satisfactory be- 
cause of their dampening effect which 
prevents jarring of the precision-set 
jig parts they support. AM—Dec 7 
53, p178 


To maintain preset dimensions in fix- 
tures and tools, Convair, San Diego, 
uses dental plaster instead of metal 
for locator pads. Powder is mixed 
with water to form a dough that is 
easily shaped and sets quickly. It with- 
stands more rough usage than metal, 














can stand pressure to 11,500 psi, and 
expands only slightly on drying. AM 
—Feb 1 °54, p137 


Lazy-susan jig for assembling elec- 
tronic parts cuts time 40% over indi- 
vidual jigs. Operator spins jig several 
times with each loading, completing 
like operations on each card in each 
circuit. Work is held in adjustable 
spring-clamp holders. See illustration 
under Assembly. AM—Feb 15 ’54, 
p134 ' 


fia a 


SELF-CENTERING CLAMP, actuated by 
commercial air cylinder, holds work to be 
gun-drilled firmly in seat and aligned with 
drill. Arrangement speeds work loading and 
permits a variety of work lengths without 
changing tooling. AM—Feb 15 '54, pl63 
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CONTOUR-MILLING FIXTURE HOLDS WORK ON MAGNETIC CHUCK mounted on spring- 


loaded table which slides on rods. Templet is mounted on end of fixture and controls work 


movement by roller. AM—Oct 12 ‘53, p188 


cs 


DRILL BLOCK for angle drilling, made by 
Temco Aircraft, Dallas, incorporates a ball- 
and-socket arrangement in which the ball 
carries a drill bushing and can be clamped 
at any desired angle in the socket. For 
exact setting, the angle may be set on a 
sine plate. To adapt it to contoured sur- 
faces, block has five setscrew legs which 
can be adjusted to form a solid base so it 
can be clamped to the work. Tool may be 
used on a drillpress or with a portable 


drill. AW—Feb 15 '54, p37 


Jigs and fixtures can be an unsuspect- 
ed source of unnecessary loss of time 
if the designer is not familiar with 
work simplification techniques. Don’t 
operate clamps by a wrench if a wing 
nut can serve; or by a wing nut if a 
quick-acting clamp or air cylinder can 
be applied. Operate valves and switch- 
es by foot, rather than by hand, or 
better still, mechanically. Allow 
ample clearance for loading and un- 
loading; avoid loose components and 
excessive weight; and consider mul- 
tiple jigging. AM—Feb °54, p173, 
175 


Cast plastic tools generally have low 
impact resistance, so edges and cor- 
ners should be rounded to prevent 
chipping and cracking. For concen- 
trated loads, local reinforcement with 
metal inserts or plates is practical. 
Repairs are made with room-tempera- 
ture-curing material AM—Mar 15 
54, p123 


Jigs and fixtures of many types are 
made at Convair from a laminated 
plastic built up of alternate layers 
of glass cloth and resin. Plaskon 941 
polyester and Rezolin L-900 epoxy 
resins are employed, the latter chiefly 
in cases where exceptional dimen- 
sional stability is required, on account 
of its higher cost. Laminates are made 
directly from a production mockup, 
a plaster splash, or an actual part. 
AM—Mar 15 ’54, p 124 
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Adjustable trunnion fixtures serve for 
a wide variety of drilling operations 
at De Laval Steam Turbine Co. Made 
from boiler plate, they consist of two 
A-frames that can be clamped at any 
desired point along a bed. One frame 
acts as the head and carries an index 
plate connected by a shaft to a worm- 
gear drive. Drive can be operated by 
hand, by independent motor drive, or 
by a tap driver from the drill spindle. 
The tap driver serves as a friction 
clutch in case operator fails to release 
index pin and unlock tailstock. See 
illustration under Drilling. AM—aApril 
26 °54, pl12 


Special fixture holds small, precision 
gears during barrel finishing. Gears 
are loaded on pins supported between 
end plates which are held together by 
a stud and nut. Without the fixture, 
parts would be damaged in the barrel 
and would be difficult to separate 
from the abrasive. See illustration un- 
der Finishing. AM—June 21 ’54, 
p118 


Hardened and ground steel locating 
plate is attached to tank-engine cylin- 
der assembly before contour grinding 
bore and chamfering ID. Plate re- 
mains in place during subsequent 
flange face and pilot dia grinding to 
insure concentricity and squareness of 
ground surfaces, and to control dimen- 
sion from flange to rocker-cover face 
within 0.002 in. AM—July 19 ’54, 
p125 


Special fixture carrying an inverted air 
drill produces locating center in bot- 
tom of cylinder-head rocker box to 
permit locating rough casting for bor- 
ing, counterboring, and facing ID. 
Work is clamped by air cylinders and 
aligned in plane 90° to clamping ac- 
tion by air-operated finger. AM—July 
19 °54, p123 


Chucks and holding devices 


Slip jaws for two-jaw chucks can be 
made by casting Kirksite around work- 
piece. Such jaws are accurate, cheap, 
and long lasting. AM—Sept 14 ’53, 
pl67 


Lathe center points are theoretically 
60°, but better bearing can be ob- 
tained in the work center hole if they 
are made slightly greater, because 
center drills rarely cut an exact angle. 
AM—Oct 26 ’53, p130 


“Release 
safety 
position 


active 
position 


-Standord chuck wrench-- 


SAFETY GUARD for drill-chuck wrench is 
easily made, as shown here, and will prevent 
pinched fingers and cuts when using the 
wrench. AM—Aug 31 '53, pI !9 


Sleeve Washer 


Cela 


Spring 


Driving dogs are available in many 
styles. For clamping on finished sur- 
faces, brass-faced types are recom- 
mended. Models with headless set- 
screws are safer than those with 
projecting screws. AM—Oct 26 °53, 
p131 


Chucks vary in type and size accord- 
ing to the work to be handled. Dust- 
proof types are available for grinding 
and similar work, and lightweight 
types for high speed. AM—Oct 26 
°53, p132 


Ventilated chuck jaws are available 
for holding glass parts that must be 
worked in a hot condition. Special 
chucks are usually employed for such 
work. AM—Oct 26 ’53, p136 


Special chucks have been designed for 
holding large rings, such as are used 
in jet engines. Equipped with multiple 
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jaws, they can hold work on narrow 
flanges. AM—Oct 26 °53, p137 


Power chucks, usually air-operated, 
are particularly adapted to screw- 
machine work, and increase produc- 
tion by reducing operator fatigue and 
chucking time. AM—Oct 26 °53, p138 


Ability to repeat with high accuracy 
on both internal and external work 
is the outstanding characteristic of 
diaphragm chucks. For long work, 
double-diaphragm types are available. 
AM—Oct 26 ’53, p139 


For maintaining concentricity with 
the pitch dia, gears may be chucked 
in a special type of chuck which holds 
the work at the pitch line. 4M—Oct 
26 °53, p140 


Special Garrison chuck locates spur 
gear on PD by means of segment 
gears for grinding ID and grinding 
centers at both ends and face on one 
end. Chuck can be indexed 180° so 
both ends can be ground without los- 
ing setting. Part also has bevel-gear 
teeth on shaft inside chuck which are 
engaged by pins at PD to maintain 
relationship between two gears. AM— 
July 19 °54, p126 


Spindle noses of most American ma- 
chine tools are made to certain stand- 
ards for direct application of chucks. 
On machines where such standards 
are not observed, adapter plates must 
be provided. AM—Oct 26 °53, p141 


Spring collets represent a fast, ac- 
curate means of gripping work in a 
machine spindle. They may be oper- 
ated manually or mechanically, and 
can be equipped with removable pads 


design 


SOFT CHUCK JAWS should be machined while loaded in the same manner as when in use. 


For internal gripping, wrap a sprocket chain around outer ends of jaws and tighten jaws 


outward. AM—Sept |4 ‘53, p!70 


American Machinist « MID-NOVEMBER, 1954 


Cc? 





AM production nuggets . . . TOOLING 


for work of various shapes and sizes. 
AM—Oct 26 ’53, p142 


Proper understanding of the operation 
of a magnetic chuck is essential if ad- 
vantage is to be taken of its powerful 
holding force. Work must be posi- 
tioned on the chuck so the maximum 
possible number of lines of force pass 
through it. Improper positioning can 
result in weak or zero holding power. 
Common trick of placing tissue paper 
between magnet and work reduces 
holding power and is not recom- 
mended. 4M—July 5 °54, p122 


Magnetic chucks may be employed on 
rotating machine spindles and are 
powerful holding devices. They may 
be of electromagnetic or permanent- 
magnet types. Direct current is essen- 
tial for operating the former type. 
AM—Oct 26 °53, p143 


Expansion mandrels provide a quick 
and accurate method of holding work 
which has a central hole. In addition 
to conventional types, several proprie- 
tary designs are available) AM—Oct 
26 °53, pl44 


Parabolic spinning chucks can be pro- 
duced on an engine lathe without the 
use of templets. Arrangement of gears 
and leadscrews feeds tool along a 
parabolic path automatically. AM— 
Oct 26 ’53, p148 





TO REMOVE THE ARBOR from a drill 
chuck, a tubular jack is slipped over the 
arbor and a pin inserted in a hole drilled 
in the end of the arbor. Two flats on the 
jack permit holding it in a vise. A sepa- 
rate jack must be made for each size of 
arbor. AM—Dec 7 ‘53, pl25 


Dynamically balanced collet chuck 
holds work for high-speed boring and 
machining. To prevent resonant vibra- 
tion, centrifugally actuated dampeners 
contact work surface as soon as they 
approach full speed of 2800 rpm. AM 
Dec 7 °53, p132 


Chucks for spinning re-entrant shapes 


can be made by casting Cerrobase 
alloy to desired shape and machining 


cio 


to size. Such chucks serve well for 
experimental work. Design changes 
on permanent, non-re-entrant chucks 
can also be made by casting on a 
section of alloy. See illustrations under 
Spinning. AM—Feb 15 °54, pl45 


Mandrels and roller tools employed 
in Floturn process must be carefully 
hardened and ground. Mandrels should 
be hardened to 58-60 Re and polished 
to a smooth surface. Any surface im- 
perfection will be reproduced in the 
workpiece bore. Roller should be 68- 
70 Re and must be redressed imme- 
diately if any nicks or scratches de- 
velop. AM—Mar 29 °54, p106 


Special vacuum chuck, called “octopus 
plate” is employed at Convair plant. 
It consists of a series of annular 
grooves about 3 in. in dia closely 
spaced in a geometrical pattern. A 
hole is drilled and tapped in the center 
of each ring, connected to a vacuum 
manifold, and sealed with a threaded 
plug. To clamp a part, plugs are re- 
moved from rings that will be com- 
pletely covered, and O-rings are 
placed in the grooves. This eliminates 
tedious hand packing with sealing 
material. AM—July 5 °54, p133 


Vacuum clamping has been extended 
to forgings. At McDonnell Aircraft, 
a plastic nest is molded around the 
work and routed out to fit the vacuum 
plate. This provides an economical 
way to hold small lots of odd-shaped 
parts and may be the only practical 
way when the entire top surface must 
be kept clear for milling. Such meth- 
ods eliminate clamping distortion and, 
in machining thin sections that can’t 
support themselves, permit close tol- 
erances by vacuum clamping from the 
opposite side. AM—July 5 °54, p132 


> ontis ae : ma 
PRECISION VISE designed and built by 


toolmakers at Ford Instrument Co is accu- 
rate within 0.0001 in. in any direction. Cost 
is high, but vise saves countless hours of 
setup and inspection time, especially on 
close-tolerance, one-of-a-kind work. AM— 


June 2! ‘54, pl20 


Welding, brazing and 
heat treating fixtures 


Workholding fixtures for induction 
heating may absorb enough power to 
prevent proper heating of the work. 
Make parts that come close to coil 
out of insulating material or, if this 
is not possible, of conductive material, 
such as copper. M—Sept 12 ’53, 
p1513 


Setup for progressive induction hard- 
ening of cylindrical parts consists of 
magnetic roller set at an angle to 
provide forward feed of work through 
heating coil and quench ring. Second 
magnetic roller feeds work to dis- 
charge chute. Ceramic ring attached 
to coil maintains concentricity. See 
illustration under Heat Treating. M 
—Sept 12 °53, p1515 


Fixture for induction brazing a collar 
into a thin steel plate consists of air- 
operated lift table and spring-loaded 
hold-downs to prevent buckling. 
Micro-Switch operated by ram turns 
On power as work comes into posi- 
tion; timer cuts it off at end of work 
cycle. Lowering time for table is suffi- 
cient to allow solder to solidify. See 
illustration under Brazing. M—Sept 
12 ’°53, p1514 
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VACUUM CHUCK built at Argonne National Laboratory serves to hold long, flat work for 


Mounted on an auxiliary, gear-driven table on a regular miller, it makes possible 


milling. 
double the norma! feed rate. 


For installation, see under Milling. 


AM—April 12 ‘54, p21! 
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Simple cam-operated fixture feeds cir- 
cular cotters through ceramic feed 
tube surrounded by induction heating 
coil. Cam is timed to feed work one 
piece every 4 sec so it remains in tube 
long enough to reach 850 C. Push rod 
has spring return. See illustration 
under Heat Treating. M—Sept 12 ’53, 
p1516 


To insure equal treatment of all teeth, 
ring gears are flame-hardened on a 
special rotating fixture. AM—Nov 9 
*53, p125 


Specially designed, radial-arm welding 
head makes possible submerged-melt 
welding on a low-activity basis. Arm 
can move in all directions and column 
travels on rails. See illustration under 
Welding. AM—Nov 9 ’53, p126 


Welding fixture for fabricating metal 
ductwork is adjustable for a variety 
of lengths and sizes of work. Built-in 
exhaust fan removes smoke and 
fumes. See illustration under Welding. 
AM—Jan 4 °54, p92 


PROJECTION WELD#NG FIXTURES for 
welding six studs to aluminum base is made 
from fiber-base phenolic resin and holds 
parts in place on steel master plate with 
die-set accuracy. Studs are held within 
0.0002 in. of each other. AM—June 21 ‘54, 
p!20 


Shop-made welding positioner is made 
from a lathe chuck and a motor and 
speed reducer salvaged from an old 
machine. Foot switch controls start, 
stop, and reverse motions. See illus- 
tration under Welding. AM—Jan 4 
54, p93 


Brazing fixture insures accurate posi- 
tioning of fan blades on hub. Hub is 
placed on a mandrel on an index 
plate, and the blades are located by 
dowel pins which contact the leading 
and trailing edges. Distance between 


blades is held by small clips that can 
be removed: after brazing. 4M—May 
10 °54, p122 


Spring-loaded finger cage is lowered 
over hub and fan blade assembly to 
grip blades firmly, yet give slightly 
as blades settle against hub when 
braze metal melts. Cage and assembly 
are removed from baseplate and 
mounted on a welding stand where 
they are rotated at 2 rpm during braz- 
ing cycle. See illustration under Braz- 
ing. AM—May 10 ’54, p122 


PRESS TOOLS 


Progressive dies have movable sections 
for different sizes of parts. Determina- 
tion of load center and its location 
under center of the ram will avoid 
excessive die wear. AM—Aug 3 ’52, 
p126 


Pilots in progressive dies can be re- 
moved from die without disturbing 
other elements by use of standard 
pilot nuts. AM—Aug 3 °53, p147 


Avoid expensive progressive dies for 
short-run work by mounting several 
simple dies on a press brake with 
one operator for each die. AM—Sept 
14 °53, p124 


Progressive dies can reduce labor costs 
in making complicated bends, forms, 
and small draws if dies are properly 
designed. Typical examples are shown. 
AM—Nov 23 ’53, p126 


Stretch forming with flexible jaws 
permits stretching shapes with com- 
pound and reentrant contours. Ad- 
vantage of curved jaws is that they 
allow reduction in blank sheet size, 
and may save up to 35% in material. 
Other important advantage is that 
they make it possible to stretch form 
high-strength alloys, such as 75ST6. 
PE—Aug ’°53, p196 


Stretch-forming dies made of rein- 
forced concrete (AM—Mid-Nov ’52, 
pA7) have not proved practicable for 
production because corners chip from 
frequent handling. They are still used, 
however, for development work be- 
cause of cheapness. Epoxy resin dies 
are preferred because they are equally 
stable, easier to handle, don’t chip; 
but are not as cheap to produce. 
AM—May 24 °54, pl61 
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Draw dies for deep-drawn shells must 
take into account the number of 


draws required. These can be com- 
puted by two different methods. AM 
—Sept 28 °53, p126 


Dies for hot drawing magnesium are 
best made from magnesium. Pressure 
and draw rings may be made from 
mild steel or Meehanite, but provision 
must be made for the difference in 
coefficient of expansion. PE—Feb °54, 
p139 


Life of draw dies has been increased 
at Ford by Fiame-Plating with tung- 
sten carbide by the Linde process. 
Increase has been from 40,000 to 
250,000 pieces. Application of the 
coating does not raise die tempera- 
ture above 400 F, so there is no loss 
of physical properties. AM—May 24 
54, pl6l 


Redrawing dies are relatively simple, 
but care must be taken in choosing 
the right kind of stripper and apply- 
ing the correct angle to the die ring 
and collar. 4M—Oct 26 ’53, p120 














CURLING DIE assembles soft aluminum 
bottoms to sleeves. Punch is hardwood 
cylinder on which snell and bottom are 
assembled. Ram stroke forces assembly 
into punch against spring pressure, and 
jaws close on dieblock, curling shell and 
cover. Result is same as produced by curl- 
ing roller. AM—Aug 3 ‘53, pl40 


Side cams can pierce and form on the 
sides of work by converting vertical 
movement of press ram into angular 
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or horizontal motion. Sketches give 
typical examples and explain prin- 
ciples. 4M—Aug 31 °53, p89 


Dies for vacuum-forming extruded 
plastic sheet can be made from a 
variety of materials, including wood, 
plaster, cast resin, or steel. Steel is 
recommended for maximum life, but 
plaster is quick and cheap for experi- 
mental work. AM—Sept 14 ’53, p157 


Punches can be designed for simul- 
taneous piercing and extruding of 
sheet metal. Detailed dimensions must 
be developed in the toolroom, but 
approximate formulas are given for 
the extrusion. AM—Oct 12 ’53, p195 


Parts which tend to stick in a die can 
often be ejected by a knockout pin 
operated by a flipper. AM—Oct 26 
*53, pl49 


Special stripper aids removal of 
ironed shells which tend to stick to 
the punch. Plunger pushes the shell 
down % to % in. before stripping 
fingers. engage. This precaution is 
often necessary when ironing thin-wall 
shells that have an uneven top edge. 
See illustration under Pressworking. 
AM—June 7 °54, p137 


Expansion mandrel bulges cylindrical 
tanks to airfoil shape, has adjustable 
aluminum shoes for different shapes, 
and works like expanding lathe man- 
drel but with axis vertical. Capacity 
of largest unit is 4800 tons. AM— 
Nov 9 ’53, p120 


To compensate for springback in mak- 
ing U-shaped parts, work is formed 
by punch and pivoted, free-turning 
rollers. As punch descends farther, 
angled surfaces of punch force rol- 
lers in to over-bend arms of U. See 
illustration, under Presswork. AM— 
Nov 9 ’53, p165 


Punches for pressing sintered-iron 
cams are ground to shape on Norton 
cam grinders, using master cams ori- 
ginally employed for grinding steel 
cams. Laps for die barrels are made 
on the same equipment. AM—Nov 
23 °53, p124 


Dies for producing 20-mm_ brass 
cartridge cases have been made from 
ductile iron and have shown a life 
of better than 18 times that of con- 


Cci2 


ventional tool steel dies on the heading 
operation. Tests still under way on 
bumping and tapering operations in- 
dicate substantial improvements on 
these operations, too. AM—Dec 7 °53, 
p134 


Master templet for sheet-metal part, 
made from first piece blanked, shows 
dimensions, hole sizes and locations, 
and bend lines, and accompanies job 
as a guide and checking gage for 
setting up all operations and for in- 
spection. AM—Dec 7 ’53, p138 


GROMMET DIE forms flared grommet in 
stock, replacing more expensive inserted 
grommet. Three steps are: pierce undersize 
hole, draw collar, complete grommet by 
forcing stock back on itself. Full grommet 
roll is not usually required, as partial grom- 
met will protect wiring. Completeness of 
grommet shape depends on stock thickness, 
temper and ductility, and on original hole 
size and punch contour. AM—Dec 7 ‘53, 
p!42 


To avoid expensive drill jig for large 
number of small holes in thick stock, 
holes are centerpunched in a dieset 
in which centerpunches replace pierc- 
ing punches. One press stroke locates 
all holes accurately and simultane- 
ously. AM—Dec 7 ’53, p142 


For notching out rectangular holes 
larger than can be cut with available 
standard die, step gages are provided 
on punch press. Two rear and one 
side gage permit locating and squar- 
ing the stock for each stroke. See 
illustration under Presswork. AM— 
Dec 7 °53, p142 


Several jobs with similar bends, but 
different stops, can be run on a 
single press brake, taking advantage 
of the long bed. Three or four oper- 
ators may thus work on a single 
machine. AM—Dec 7 °53, p144 


Hinged step gage on press brake per- 
mits multiple bends by operators flip- 
ping steps as stock is cycled through 
bending operations. AM—Dec 7 ’53, 
pl44 


Effective knock-out device for dies 
consists of piston riding in cylinder 
formed in die base. When air is ad- 
mitted from cam-operated valve, 
piston rod knocks piece out of die 
and, as piston clears a port, air blast 
blows work clear. See _ illustration 
under Presswork. AM—Feb 1 °54, 
p125 


Carbide diesets can be produced com- 
plete by electrical-discharge machin- 
ing. A brass tool forms the hole in 
the die block with “fine” power feed, 
and the hole in the stripper plate with 
“coarse” feed. This makes the hole 
in the stripper about 0.00025 in. 
larger. The stripper plate then serves 
as a tool to make the punch. Costs 
are substantially lower than by em- 
ploying conventional methods. AM— 
Mar 15 ’54, p140 


| | 
& 2 


PUNCH, DIE, and stripper plate produced 
in carbide by electrical-discharge machining. 
Such shapes could not well be produced in 
carbide by orthodox methods. Blind holes in 
header dies can also be produced by the 
same process. AM—Mar I5 ‘54, p143 


Forming dies for tantalum and colum- 
bium may be made from steel unless 
there is considerable slippage on the 
face of the punch or die, in which 
case aluminum bronze makes good 
dies. For short runs, low-melting- 
point alloys, like Kirksite, are practi- 
cable. AM—April 12 °54, p194 


Punches and dies for blanking and 


piercing tantalum and columbium 
must be polished to prevent galling, 
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scratching, and tearing. Final polish- 


ing should be in the direction of the’ 


draw. Clearance between punch and 
die should be 6% of metal thickness. 
AM—April 12 °54, p194 


Hundreds of differently shaped disks 
are trimmed from blanks by a special 
typewriter die. Operator presses keys 
in accordance with chart that indi- 
cates type of disk needed. These set 
stops that position blank at specific 
dies for trimming edges to required 
shape. Release bar returns keyboard to 
inactive position after last trim has 
been made. See illustration under 
Presswork. AM—May 10 °54, p163 


Tooling for aluminum tube bending 
machines is highly critical, and dies 
and forms must be made to high pre- 
cision and highly polished. To provide 
adequate grip and avoid slipping, 
gripping length must be proportioned 
to the centerline radius of the bend. 
Mandrel design is also important and 
varies with the bend radius and wall 
thickness. AM—May 24 °54, p142 


Dies for forging and extrusion are now 
being cast by BSA, England, with 
such accuracy that, in many cases, 
only final polishing is required. 
Tolerance of + 0.005 in. can be held 
on many jobs. Dies have been cast 
up to 400 Ib in weight, and proper- 
ties are said to be better than in 
wrought steel dies—up to twice the 
die life has been reported on hammer 
dies. Over-all cost is about 20% less 
than by machining from the solid. 


Fixed table Clearance 
hole 


Soc hd bolt 


' 
Movoble table 


Std /'pipe- 


Hondwheel con be used 
on either side of cort 


Milling cutters weighing 100 Ib are 
also produced. M—May 15 ’54, p850 


Extrusion dies for cold extruding 
rocket noses require careful selection. 
Most successful punch, as reported by 
Carpenter Steel Co, is made from 
Star-Zenith 18-4-1 (T1) HSS. Tool 
was hardened in salt bath from 2350 
F, double drawn at 1050 F to R, 62 
to 64, then liquid-nitrided for 5 hr 
at 1000 F to develop surface harness 
of R, 72 to 74, 0.001 in. deep. Die 
ring is Vega, manganese-chrome-moly, 
non-deforming, air-hardening die steel 
heat treated to R, 58 to 60. AM— 
May 24 °54, p169 


Plastic & soft metal dies 


Production dies made from epoxy 
resin plastic by Boeing are produced 
in 80 to 86 hr, as against 250 hr for 
steel dies. Compound bonds to metal, 
wood, glass, etc, without heat or 
pressure, can be filed readily, hardens 
in 8 hr, and reaches full strength in 
48 hr or less. AM—Sept 14 ’53, p105 


Epoxy-base resin can be employed for 
making joggle dies with substantial 
savings in fabricating time. Material, 
developed by Boeing, can also serve 
to set drill bushings and for other 
tooling uses. AM—Oct 26 ’53, p119 


Drop-hammer dies consisting of Kirk- 
site die and epoxy-faced punch, with 
a floating thermoplastic draw ring, 
have been used successfully at Lock- 


_-- Tie bolt 





Elevoting y 
toble of cart 
os purchased 
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SEPARATION OF DIESETS in the toolroom can be facilitated by this “take-apart" cart 
adapted from a standard elevating-table die truck by adding a stationary plate. One die- 
maker can separate a dieset and move components to the bench in less than half the time 


normally needed by two men. 


Cart is also helpful for lining up small perforating punches 


and die bushings in a dieset and for trying out small dies when tryout préss is busy. AM— 


Mar | ‘54, pll0 
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heed for forming 75S aluminum, 
quarter-hard stainless, and titanium. 
AM—Mar 1 °54, p40 


Dies for presses and stretch presses 
can be made from phenolic resin 
plastic in about 10% of the time, 
and at 25% of the cost of steel dies. 
Material is dimensionally stable and 
has a hard surface, and can be cast 
close to finished dimensions. For 
stretch press work, dies can be cast 
over wood, concrete, or phenolic- 
foam cores. Other applications are 
for milling, assembling, and router 
fixtures. AW—Mar 1 °54, p40 


Dies for presses or drop-hammers 
may be made from thermoplastic ethyl 
cellulose material, but should not be 
used for sharp, deep draws. Because 
material is resilient, no allowance need 
be made for metal thickness. Material 
is strong and dimensionally stable, and 
dies are easily refaced. In double- 
action dies, preferred setup is a 
thermoplastic die, a phenolic punch, 
and phenolic, epoxy, or metal draw 
ring. AW—Mar 1 ’54, p42 


Stretch dies at Convair are made with 
a foam-plastic core (Rezolin Core- 
form), and faced with Rezolin tool 
plastic. Plaster cast of the work serves 
as the mold. Core is cast with layer 
of drop-hammer rubber in bottom of 
mold, and is locked to baseplate by 
scrap pieces of structural metal at- 
tached to the plate. After cure, rubber 
is removed and void filled with tool 
plastic. Locating pins and other inserts 
are inserted in holes drilled oversize 
and locked in place with room-tem- 
perature-curing resin. AM—Mar 15 
54, p122 


Joggle dies are made at Boeing by 
rough-machining a steel punch and 
die and facing with a Boeing-devel- 
oped plastic, Dunnlew, capable of 
withstanding 36,000-psi _ pressure. 
Holes are drilled in the steel to create 
anchorage, and an unjoggled part is 
placed between the punch and die and 
set in a pouring box. Plastic is 
poured in and allowed to harden. 
Block is then machined to size, saved 
down the middle, and the plastic faces 
radiused. Finishing time is 35 hr in-- 
stead of 100 needed for steel. To use, 
a shim is placed under the die on one 
side, over the punch on the other to 
create the needed offset for the joggle. 
AM—Mar 29 ’54, p139 
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Machining 165-ton carbon steel propeller runner, Grade 370 cut 
heavy scale at three times former speed, with 88% less downtime. 
Speed—154 SFPM. Feed—1 /32 inch. Depth of Cut—7/16 inch. 





— From on-the-job reports 


PRODUCTION INCREASES UP TO 30% WITH NEW 
CARBOLOY. SERIES 300 STEEL-CUTTING CARBIDES 


Case histories, on these pages, prove Grades 350 and 370 outperform 
other carbides on tough steel-cutting jobs. 


Carboloy Grades 350 and 370 are capable of 
cutting more cubic inches of steel per minute, 
with longer tool life, than any other carbides. 
This has been proved on in-the-plant applica- 
tions, where these grades have boosted pro- 
duction as much as 30% over previous car- 
bides used. 


Grade 350 for medium-duty steel cutting, 
and Grade 370 for heavy-duty steel cutting, 


are the first of a new family of carbides 
manufactured by an entirely new process. 


Both grades have a built-in structural 
rigidity that enables them to operate at 
temperatures as high as 1800°F without the 
tip deformation found in other carbides. 
They combine superior wear resistance and 
extreme toughness to a degree never before 
possible. 


Case histories, operating data on following pages # . 
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UNDERARM. A single Carboloy Grade 370 clamped- 
on tip planed all four sides of this normalized steel 
weldment at 300 surface feet per minute, without 
regrinding. Despite the large size (12” x 14” x 
164”) wear on the carbide tip was only 0.010’. 


THREADED LEVELING SCREWS. Carboloy Grade 
370 tools, used on 6-spindle Cone Automatic, 
boested production to 944 screws per hour, com- 
pared to 140 with steel tools. 

SETUP: Material—SAE B1112 1-inch diameter 
steel screw stock. Speed — 1586 RPM for thread- 
ing. Feed—0.005 inch for chamfering and cutoff. 
Coolant— Yes. 


STEEL-CUTTING CASE HISTORIES WITH 


SETUP: Material—1020 steel weldment, normal- 
ized. Speed—300 SFPM. Feed—0.060 inch per 
stroke for roughing; 0.080 inch per stroke for semi- 
finishing. Depth of cut—%% inch for roughing; 
0.030-0.040 inch for semifinishing. Coolant— No. 


TRUCK AXLE FORGING. Turning with Grade 350 
resulted in 33% more pieces per tool. Chipping 
and flaking, encountered with previously used 
tools, were eliminated. 

SETUP: Material —AISI 4150 steel forging. Speed 
—200 SFPM on 2-inch diameter; 400 SFPM on 
4-inch diameter. Feed—0.014 inch. Depth of cut 
—%-\% inch. Coolant— Yes. 
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NEW CARBOLOY GRADES 350 AND 370 


ELECTRIC MOTOR SHAFT. Carboloy Grade 350 
increases the number of linear inches cut by 30% 
over other carbides used for roughing and finish- 
ing this large steel motor shaft. 

SETUP: Material—AISI 1045 modified (hot- 
rolled) with varying heat analysis. Speed—300 
SFPM. Feed—0.020 inch. Depth of cut—% to 
inch. Coolant— Yes, 


JET ENGINE TURBINE WHEEL RIMS. With Grade 
370, G. E. got 300% increase in life of tools used 
for turning, boring and facing cold-worked Tim- 
ken steel rims. Downtime was reduced two thirds. 


SETUP: Material— Cold-worked, forged Timken 
steel. Speed—160 SFPM on O.D.; 110 SFPM on 
I.D. Feed—0.010 inch. Depth of cut—'4 to % 
inch. Coolant— Yes. 





Full stocks now available 
from Authorized Carboloy Distributors 


Standard Carboloy Tools are available in 
Grades 350 and 370. In addition, blanks 
and inserts of each grade are available in a 
wide range of styles and sizes. 


Carbides for any machining job. Regard- 
less of your particular machining problem, 
a grade of Carboloy cemented carbide is 


available to handle it. Over a quarter cen- 
tury of experience in machining ferrous and 
nonferrous, metallic and nonmetallic ma- 
terials has been acquired by the Carboloy 
organization. See your Authorized Carboloy 
Distributor or Carboloy salesman for quali- 


fied, expert machining assistance. 





Your local Authorized Carboloy Distributor 
is listed on the next page . . 
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AUTHORIZED CARBOLOY DISTRIBUTORS 


NATIONWIDE AVAILABILITY AND SERVICE 


ALABAMA 

Birmingham 2—The Young & Vann Supply Co. 

Motile— Oliver H. Van Horn Co., Inc. 
ARIZONA 

Phoenix —McConkey-Docker & Company 
CALIFORNIA 

Los Angeles 58— Garrett Supply Company 

los Angeles 58— Machinists’ Tool & Supply Co. 

Oakland 7—C. W. Marwedel 

San Diego 1—Acme Tool & Supply 

San Francisco 3—C. W. Marwedel 

San Jose—Industrial Tool & Supply Co. 
COLORADO 

Denver 17--Mine & Smelter Supply Co. 
CONNECTICUT 

Bridgeport 1—The Hawley Hardware Co. 

Hartford 1—Silliter-Holden, Inc. 

Waterbury—The White Supply Company 
FLORIDA 

Jacksonville 1—The Cameron & Barkley Co. 

Miami 5—The Cameron & Barkley Co. 

Orlando—The Cameron & Barkley Co. 

Tampo 1—The Cameron & Barkley Co. 
GEORGIA 

Atlanta 3—Pye-Barker Supply Company 

Savannah—The Cameron & Barkley Co. 
HAWAII 

Honolulu 1— American Factors, Ltd. 
ILLINOIS 

Aurvura— Dietz Industrial Supply 

Chicago 6—Samvel Harris & Company 

Chicago 7—Screw Machine Supply Co. 

Chicago 6—Supplies, Inc. 

Peoria 2— Couch & Heyle, Inc. 

Rockford—Samvel Harris & Company 

Rockford—Rockford Tool & Transmission Co. 

Springfield—Screw Machine Supply Co. 

Wavkegan—Samvel Harris & Company 
INDIANA 

Fort Wayne 5—Tools & Abrasives, Inc. 

lndionepolis 4—Tools & Supplies, Inc. 

s9—V t Hardware Company 

South Bend 24-—South Bend Supply Company 
1IOWA 

Davenport— Davenport Engineering Co. 

Sioux City 10—Sioux Machinery & Supply Co. 

Sioux City 1—Smith Electric and Supply Co. 





“Carboloy”’ 


KANSAS 
Wichita—Ellfeldt Machinery & Supply Co. 
KENTUCKY 
Louisville 3—Lovisville Mill Supply Co. 
LOUISIANA 
Baton Rouge—Oliver H. Van Horn Co., Inc. 
New Orleans 6—Edgar Murray Supply Co., 
Inc. 
New Orleans 1—Oliver H. Van Horn Co., Inc. 
Shreveport—Harris Frederic & Co., Inc. 
Shreveport— Oliver H. Van Horn Co., Inc. 


MARYLAND 
Baltimore 2—The L. A. Benson Co., Inc. 
Baltimore 1—The W. L. Reynolds Co. 


MASSACHUSETTS 
Boston 15—Arthur A. Crafts Co., Inc. 
West Springfield—Peaslee-Wells, Inc. 
Worcester 8—Brierly, Lombard & Co., Inc. 


MICHIGAN 
Battle Creek—Kendall Hardware-Mill Supply 
Co. 
Detroit 26—The Chas. A. Strelinger Company 
Ferndale—Sterling Supply Company 
Flint 2—Geo. W. Hubbard Hardware Co. 
Grand Rapids 9—A. L. Holcomb Company 
Jackson—C. E. Hamlin Company 
Kalamazoo—Kendall Hardware-Mill Supply 
Co. 
Lansing 29— Peer Supplies Corporation 
k Hardware & Supply 





Co. 
Port Huron—Beard Campbell Company 
Saginaw—Mahar Tool Supply Co., Inc. 
MINNESOTA 
Minneapolis 1—The John C. Eide Co. 
Minneapolis 4—The Satterlee Company 


MISSISSIPPI 
Jackson— Dilworth of Mississippi, Inc. 


MISSOURI 
Kansas City 6—Ellfeldt Machinery & Supply 
Co. 
St. Louis 6—Sligo, Inc. 
St. Lovis 3—Tools & Supplies, Inc. 
NEBRASKA 
Omaha—The Balbach Company 


NEW JERSEY 
Kearney—A. N. Nelson, Inc. 
Newark 2—Squier, Shilling & Skiff, Inc. 
Trenton 8—Wiley-Hughes Supply Co., Inc. 
Woodbridge—Hansen & Yorke Co., inc. of New 
Jersey 
NEW MEXICO 
Albuquerque— Gorman Engineering Company 
NEW YORK 
Albany 1—Sager-Spuck Supply Co., Inc. 
Binghamton— Syracuse Supply Company 
Brooklyn 31—A. N. Nelson, Inc. 
Buffalo 23—Austin Ford Logan, Inc. 
Buffalo 2—R. C. Neal Company, Inc. 
Elmira Heights—R. C. Neal Company, Inc. 
New York 7—Hansen & Yorke Co., Inc. 
Rochester 6—R. C. Neal Company, Inc. 
Rochester— Syracuse Supply Company 
Syracuse—Austin Ford Logan, Inc. 
Syracuse 1—Syracuse Supply Company 
Utica—Syracuse Supply Company 


NORTH CAROLINA 
Charlotte—The Henry Walke Co. 
Winston-Salem— Atlas Supply Company 


OHIO . 
Akron 4—Service Tool & Supply Company 
Canton 1—Service Tool & Supply Company 
Cincinnati 2—E. A. Kinsey Company 
Cleveland 13—Strong, Carlisle & Hammond 

Co. 

Columbus 13—E. A. Kinsey Company 
Dayton—Dayton Supply & Tool Co. 
Dayton 2—-E. A. Kinsey Company 
Toledo 1—Mill & Factory Supply Co. 


OKLAHOMA 
Duncan— Duncan Equip tC 
Oklahoma City— Marshall Supply & Equip- 
ment Co. 
Tulsa 1—Marshall Supply & Equipment Co. 


OREGON 
Portland 4—-J. E. Haseltine & Company 


PENNSYLVANIA 
Allentown—- Wm. H. Taylor & Co., Inc. 
Erie—Erie Mfg. & Supply Corp. 
Harrisburg-——Raub Supply Company 
Lancaster—Raub Supply Company 
Philadelphia 7— Alden Supply Company 
Philadelphia 25—Theo. C. Ulmer, Inc. 
Pittsburgh 3—Harris Pump & Supply Company 
Reading—Seaman Mill Supplies, Inc. 
Scranton 2—The Bittenbender C y 
Williamsport 34—Lowery Electric “Company, 

Inc. 








York—W. S. Ehrenfeld Co. 


RHODE ISLAND 
Providence 1—Providence Mill Supply Co. 


SOUTH CAROLINA 
Charleston—The Cameron & Barkley Co. 
Greenville—Poe Hardware & Supply Co. 


TENNESSEE 
Chattanooga—Mills & Lupton Supply Co. 
Knoxville 1—W. S. Murrian Company 
Memphis 2—J. E. Dilworth Company 


TEXAS 
Dallas 4—Briggs-Weaver Machinery Co. 
Dallas 1—Tool Supply & Engineering Co. 
El Paso—El Paso Saw & Belting Supply Co. 
Fort Worth—Briggs- Weaver Machinery Co. 
Fort Worth 1—Oliver H. Van Horn Co., Inc. 
Houston 11—Briggs- Weaver Machinery Co. 
Houston 11—A. J. Rod Company, Inc. 
Houston— Oliver H. Van Horn Co., Inc. 


UTAH 

Salt Lake City 1—Mine & Smelter Supply Co. 
VIRGINIA 

Norfolk 1—Empire Machinery & Supply Corp. 

Norfolk 10—The Henry Walke Co. 

Richmond 15—Industrial Supply Corp. 
WASHINGTON 

Seattle 4—J. E. Haseltine & Company 

Spokane 11—J. E. Haseltine & Company 
WISCONSIN 

Milwaukee 1—Rickert Industrial Supply Co. 








is the trademark for products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY. 


11149 East 8 Mile Drive, Detroit 32, Michigan 
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Assures Maximum Safety... Low Operating Costs 


FAST CUuTs 


Corrugations speed the grinding of 
large area work or thin parts with- 
out burning. 


FULL VALUE 


The entire rated thickness of the 
abrasive is usable. 


Berdner Abrasive Specialists give you the ad- 


vantages of long experience gained from making 
both grinding machine and abrasive discs. 


Individual specifications will be developed 
handle your particular grinding job. 


‘GARDNER MACHINE C¢ 
410 Gardner St., Beloit, ni 


FINE FINISHES 


For light stock. removal smooth face 
discs give quality; finishes and close 
tolerances. 


we" 


DM WIRE-LOKT’ SAFETY 


Heavy steel mesh securely imbedded 
in the abrasive assures maximum 


safety. 





Le: TIME a screw machine cuts air...every time 
feed fingers are adjusted or replaced ...every time remnant 
removal forces a shut-down — that’s time lost forever, never 
again to be made up in the production quota! 


In the modern Lipe Automatic Magazine-Loading Bar Feed, we 
present a continuous-feed mechanism that utilizes every minute 
of the working day for production...and still more production. 


There’s No cutting air. No feed fingers. No remnant problem. 
No minimum or maximum run. No limit on length of feed. 
No selective stock length requirement. 


There IS a definite increase in production — up to 100% 
on some installations — at least 30% on every one! 


Send today for FREE BOOKLET giving full details on 
Lipe’s AML Bar Feed — today’s big advancement in 
screw mact.ine stock feeding. We will also supply name 
of your necrest distributor. 


Lik. Lipe - ROLLWAY CORPORATION 


ROLLWAY 


Manufecturers of Automotive ( PL ea ee 


Syracuse 1, N.Y 





Tooling 
A bibliography of ‘50-'53 AM articles. 


Hob Cuts Radial V-Grooves—Apr 3, ‘50, p13! 

Don't Gamble in Selecting Tool Steels—Apr 17, 
50, pl02 

Dividing Head Increases Toolroom Versatility— 
June 12, ‘50, p96 

Ingenuity Solves Tough Machining Problems— 
June 12, ‘50, pl14 

Attachments Perform Diversified Toolroom Milling 
Operation—June 26, ‘50, p102 

Production Tooling Solves Machining Problems— 
July 10, ‘50, p94 

Slow Tools Will Backfire—Oct 2, ‘50, p90 

Air Feed Equips Screw Machine for Long Bars— 
Oct 30, ‘50, p95 

Universal Locator Sets Up Aircraft Fixtures—Nov 
27, ‘50, pl25 

Conversions Tool Drillpress for Small Lots—Dec 
Ti, ‘50, pl42 

Automatic Tools Drill G Tap Die-Castings—Dec 
11, ‘50, pl44 

How Modern Gun-Drilling Improves Hole-Making 
—May 26, ‘52, pl09 

Cam Lock in Mandrel Prevents Slip—July 7, ‘52, 
p37 

How High Vacuum Aids Metalworking—July 21, 
"52, pl02 

Gundrills Are Home Grown at Allison—Sept 1, 
‘52, pllo0 

Precision Contour-Grinding Makes Better Tools— 
Sept 15, ‘52, p154 

Ingenious Tooling Solves Tough Milling Problems 
—Sept 29, ‘52, p98 

Smart Tooling Solves Tough Elliptical Boring Job 
—Dec 8, ‘52, p 140 

Notched Plates Boost Holding Power of Magnetic 
Chucks—Feb 16, ‘53, p147 

Cadillac Teams COs with Silicon Carbides to 
Grind Carbide Tools Better—Feb 16, ‘53, p173 

Ingenious Holder Increases Life of Carbide Tools 
—Mar 2, ‘53, pl0s 

Dodge Burnish-Reams Tappet Holes—May 11, ‘53, 
p137 

Standardize Standard Tooling—May 25, ‘53, p126 

Modern Tooling Turns Axle Shafts—May 25, ‘53, 
p134 

When You Drill an Oil Well, Every Bit Counts— 
May 25, ‘53, p137 

Forces and Vibration on the Tool Affect Its Life— 
June 8, '53, pl42 

Turret Tooling Cuts Taper—June 8, ‘53, p172 

What to Do for Distortion Control in Large Rings 
—July 6, ‘53, pl45 

Practical Carbide Tool Maintenance—July 20, ‘53, 
p126 

Ingenious Toolholder Saves Machine Downtime— 
Aug 3, 53, pl08 

How to Choose & Use Rotary Files G Burrs—Jan 9, 
"50, pli7 

Tool Selection Cuts Machining Costs—Jan 9, ‘50, 
p120 

Wood’s Metal Replaces Assembly Fixture—Mar 6, 
‘50, pllé 

Second Operation on Stampings Show Ingenious 
Tool Engineering—Apr 3, ‘50, pl17 

HSS, Plus High Angles, Mills Like Carbides—Apr 
3, ‘50, p22 

Diamond Abrasives Finish Huge Molds—Apr 3, 
‘50, pl24 

Swivel Tool Bores Piston Chamber—Apr 3, ‘50, 
p30 

Thread Rolling Is Not Always Limited to Thread- 
ing-—Apr 3, ‘50, p154 

How Tooling Affects Design of Metal Powder Parts 
—Apr 17, ‘50, p89 

Special Equipment Handles Heavy Components— 
May 1, ‘50, p76 

Tooled Conveyor Speeds Line Assembly—May 1, 
"50, p78 

With Care Carbides Produce More on Automatics 
—May 1, ‘50, p93 

How to Make Extrusions—May 15, ‘50, pl05 

Unusual Fixtures for Heavy Curved Work—May 
29, ‘50, p70 

Kneading and Coining Make Accurate Type Char- 
acters—June 12, ‘50, p85 
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Cincinnati 
Grinding Wheels 
offer 

POSITIVE / 


DUPLICATION \ 








It’s a fact! The Cincinnati (PD) Manufacturing 
Process assures a Positive Duplication of the original 
wheel every time you reorder. And it’s the greatest 
grinding wheel development in years—an achievement 
in precision manufacturing and cuality control that will 
save you money and increase your production. 

“On grade” with a Cincinnati (PD) WHEEL 
means all future (PD) WHEELS will act and grind 
exactly alike. Yet they are priced no higher than ordi- 
nary wheels. 

Let us prove to you how CiNcINNATI (PD) WHEELS 
can save you money and increase your production. Just 
contact us and we'll send one of our representatives— 
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men who know grinding and grinding machines as well 
as grinding wheels. Write, wire or telephone Sales Man- 
ager, Cincinnati Milling Products Division, The Cin- 
cinnati Milling Machine Co., Cincinnati 9, Ohio. 


Just as a Negative guarantees 
you an exact duplication of a photograph, 
you are assured a 


Positive Duplication of an original 
grinding wheel thru the CINCINNATI (PD) 
Manufacturing Process. 




















enmeuthart -- (j 
Grinding Wheels ({} () 
THE eee co. (() => 
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IN DIE DESIGNING 


R-B standardized retainers are avail- 
able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save “time 
on the board” because you are working 
with standardized equipment. 


R-B punches (A) and die buttons (g) are locked in standard 
or special retainers (Cc) which are mounted on the die 
shoes. A spring-loaded ball lock (p) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch. Up to %” stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they’re locked. 
They’re easily removed, too. Retainer holes (£) provide 
for insertion of tanged tool which releases ball and allows 


instant removal. 


IN DIE CONSTRUCTION 
R-B punch and die retainers and special 
retainers are quickly, easily and accu- 
rately mounted without special ma- 
chining. With them, you can save much 
of your skilled die-makers’ time. 


IN DIE OPERATION 
HERE’S WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They’re instantly removed— 
quickly changed—yet accurately aligned 
when locked. 


TOOL STANDARDIZATION IS THE BASIS FOR EFFICIENT AND ECONOMICAL PRODUCTION. 
WITH R-B YOU GET THE ACCEPTED STANDARD OF THE SHEET METAL INDUSTRY—IN STAND- 
ARD DESIGN FEATURES THAT SAVE IN ENGINEERING, DIE CONSTRUCTION AND OPERATION. 


RICHARD BROTHERS PUNCH DIVISION 
ALLIED PRODUCTS CORPORATION 
DEPT. 53 @ 12605 BURT RD. e DETROIT 23, MICHIGAN 


Please send me additional information. 


NAME 





COMPANY 





ADDRESS 





ciry 


ZONE STATE 





rhlso Produced tn 


OTHER ALLIED PLANTS 


\ 
\ SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 
PRECISION GROUND: PARTS 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 
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LMIRA. NY 


FEED FINGERS and PaDs PPV QUUA COLLETS and PADS 


Pads Cannot Work Loose a The only Master Collet 
No Screws No Pins 


with no Work Pressure on the Screw 





COLLETS 


LATHES 
and 
MILLERS 


Complete Capacity 


CHUCKING MACHINES “ Round, Neingen and Square 
TURRET LATHES 


COLLETS ee aa} ALL 


ALL 
AUTOMATICS 





4 ARDI NGE-SJOGREN HV-4 Production " H-4 Tool Room- Inspection 
SSPREED ; 
COLLET CHUCKS 


Five Sizes: 1” 1%” 1%” 2%” and 
3142” Collet Capacity 


For: Threaded, Tapered Key-Drive, 
Cam-Lock, and American 
Standard Spindles. 


INDEX FIXTURES 


Increase Production by 
Holding Work Accurately and 
Indexing Rapidly. 





Stock Delivery from: 

Hardinge Brothers, Inc. Hardinge Brothers, Inc. Hardinge Brothers, Inc. Hardinge Brothers, Inc. Hardinge Brothers, Inc. Hardinge Brothers, Inc. Hardinge Brothers, Inc. 

7 South Main Street 269 Lafayette Street Pennsylvania Corporation 70 Stratford Avenue 5244 W. Diversey Ave. 4460 Cass Avenue 2711 East 11 St. at Soto 

West Hartford 7, Conn. New York 12, New York po eae rg gy me ayton 2, Ohio Chicago 39, Illinois Detroit 1, Michigan Los Angeles 23, California 
iladelphia 4, Penna. 











How Flame-Plating 


keeps DOWN-TIME 


Down 


Deep grooves worn in straightening rollers by small diameter 
wires often badly score larger wires which are passed through the 
same set-up. The result—costly machine down-time periods are 
necessary to change rollers. One manufacturer solved this problem 
by using rollers Flame-Plated with wear-resistant tungsten carbide. 
Now, machine down-time costs are at a minimum and a better 
product is produced. 

Flame-Plating is a new LINDE process for applying wear-resistant 
coatings of tungsten carbide to the wear surfaces of parts and 
many tools made of most common metals. For the full story on how 
you can solve your wear problems with Flame-Plating, read the 
new “Flame-Plating” booklet. 





aS Shy Nees 
LINDE AIR PRODUCTS COMPANY, Room 308 G-3 

CLIP A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 

COUPON 


TODAY 
FOR 


Please send me your free booklet on Flame-Plating, Form 8065 


YOUR 
FREE 
COPY 








The term “Linde” is a registered trade-mark of Union Carbide and Carbon Corporation. 
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Tooling .. . continued 


Pointers for Better Form Tools—May 29, ‘50, p78 

Hardened Steel Milled With Carbides—June 12, 
‘50, p94 

Fixtures to Multi-Drill Complex Frames—July 10, 
‘50, p83 

Investment Castings Depend on Good Pattern 
Tooling—July 10, ‘50, p97 

Production Tools Bend Tubing Quickly—July 24, 
‘50, pl02 

Indexing Fixture Applied to Spotwelding—Aug 21, 
‘50, pl10 

Compound Dies Make Accurate Parts—Aug 21, 
“50, pl22 

Photo-Templet Process Cuts Production Costs— 
Sept 4, ‘50, p122 

Assembly Fixture Makes Fastening Faster—Aug 21, 
*50, pl20 

Chain Feed Carries Springs Through Forming Die 
—Oct 2, ‘50, p86 

Reducing Process Makes Precision Tubing G Ac- 
curate Internal Shapes—Oct 2, ‘50, p92 

How to Work Tool G Die Steels—Oct 15, ‘50, 
pl45 Part 1; Dec 11, “50, p147 Part Il 

Tank Rebuilding Speeded by Fixtures—Oct 30, 
50, pl08 

New System Cuts Airframe Tooling Time 40%— 
Dec 25, ‘50, p94 

First-Aid for Ten Cutting-Die Troubles—Dec 25, 
‘50, p96 

Two Steels Make Westinghouse Plastic Molds— 
Jan 8, ‘51, pli2 

Targeting Fixture Boosts Castings Output—Jon 
8, ‘51, pll4 

Multihead Hobs Triple Gear Output at Chevrolet- 
Muncie—Mar 19, ‘51, p134 

How to Spim Metals—Mar 19, ‘51, pl45 

Progressive Dies Adjust Forming Pressure—Apr 2, 
‘51, p88 

Air Can Clamp Small Parts, Too—Apr 2, ‘51, p113 

Fixtures From Double-Coated Adhesives—Apr 16, 
‘51, pl43 

Cam-Actuated Fixture Speeds Multi-Hole Drilling 
—Apr 16, ‘51, pl68 

How to Mill Die Blocks with Carbides—Apr 30, 
‘51, plil 

Scrap Suspension Maintains Lead in Progressive 
Die—May 14, ‘51, p140 

Progressive Die Draw-Folds a Split Cap—May 28, 
‘51, p94 

Glass Fiber Laminates Simplify Jig-Making—June 
11, ‘51, pl31 

Acid Pickle Doubles Tool Life on Cl—June 11, 
‘51, pl40 

What Carbide Burs Do—and How—June 11, ‘51, 
pl42 

From a Diemaker’s Notebook—July 23, ‘51, p125 

Low-Cost Jigs for the Small Shop—July 23, ‘51, 
pl30 

Design Your Dies for Safety—July 23, ‘51, p134 

Able Accessories Aid Drilipress Action—July 23, 
‘51, pi52 

What Underlies Tool Life and Finish—Aug 20, 
‘51, ps9 

Slick Tricks with Brushes—Aug 20, ‘51, p93 

Get Quicker Action with Attachments—Aug 20, 
51, pl02 

Round-Edged Blanks Produced with Rubber Dies— 
Sept 17, ‘51, pl38 

Shell Molding Produces Precise Big Castings— 
Oct 15, ‘51, pl26 

How Segmental Dies Cam Split Pipes—Oct 15, 
‘51, pl27 

Tool Weor Results From Several Causes—Oct 29, 
‘51, pl0o 

Glass-Plastics—Easily Worked—Save Time—Save 
Material—Oct 29, ’51, p106 

Tricky Carbide Tooling—Nov 12, ‘51, p133 

Clips tron Out Drawing Wrinkles—Nov 12, ‘51, 
p137 

How Workpiece Structure Affects Tool Life—Nov 
12, ‘51, p138 

Controlled Pressure Aids Deep Drawing—Dec 10, 
‘51, pl38 

Contour Turning—When, How, Equipment, Tool- 
ing—Dec 10, ‘51, pl49 

Can Die Clearances Be Excessive?—Dec 24, ‘51, 
ptos 


1955 Production Planbook 




















a 
8 


“Production-Proved 
CUTTING TOOLS 


sy ontinental 4 


‘ The cutting tools supplied to industry by 
Continental are Production-Proved Tools. 
Here’s why: 

Continental is an Ex-Cell-O subsidiary. As 
such, it can try out new tool designs, new 
methods, in Ex-Cell-O’s big parts production 
shops. There could be no finer “proving 
ground.” 

Thus, Continental offers Production-Proved 
Cutting Tools. They are time-and-cost savers. 
Call in your Ex-Cell-O representative or con- 


tact Continental in Detroit today for informa- 
tion about them. 





— eas 
4 aan Division of Ex-Cell-O Corporation, Detroit 32, Mich. 








4-PURPOSE 
© PRECISION 
PANTOGRAPH 


The” Pante-Miller’ ¥ 
@ Engraves 
@ Profiles 
@ Die Cuts 
@ Mills 

sturdy, production tool 
for 2-dimensional cutting 
in steel, cast iron, non- 
ferrous metals and plastics. 


Pantograph reductions from 
1:1 to 1:40. Spindle speeds 
infinitely variable from 1,200 
to 11,500 RPM without belt 
changing. 

Extreme accuracy and free- 
dom of motion. Write for 
“Panto-Miller” details. 


JOHNSON & BASSETT, INC. Production Too! Div. 
BOX 1251, WORCESTER. MASSACHUSETTS, U. S.A. 


RAPID, ACCURATE 
© JIG POSITIONING 


This indexing trunnion, with 
station selector, accurately 
holds and locates either 
jig or work. SIMPLIFIES 
JIGS. REDUCES SET-UP 
TIME. 


Ask for “TRUNNION” information 








From the American Machinist Library 
of Tips for Top Shop Men 


E SURE in your own mind why you refuse to con- 
sider a new method, a new machine, or a new man. 
Are you envious because you didn’t think of the meth- 
od, or are you too lazy to work out the change? Are you 
enamored of an ancient clonker, or are you afraid to 
meet present standards? Are you jealous of the new 
man, envious of his youth or experience, fearful of 
your job? 
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Tooling . . . continued 


Sprayed Vapor Ups Tap Life and Speed—Jan 7, 
‘52, pl2i 

How to Tip Tools with Prehardened HSS—Jan 7, 
‘52, pi33 

Souped-Up Tooling Does Double-Decker Turning— 
Jan 7, ‘52, pl4i 

Emergency Reamer Practice—Jan 7, ‘52, p47 

Holding Blocks Do a Tough Fixturing Job—Jan 7, 
52, p150 

Timed Press Tools Make and Assemble Three 
Parts—Feb 4, ‘52, p95 

Multiple Bending Multiplies Production—Feb 4, 
*52, pl00 

Tricky Tooling Stamps on Stamping Costs—Feb 
18, ‘52, pl38 

Graphics Are A Better Method of Calculating 
Form Tools—Mar 3, ‘52, p145 

Hot Dimpling Forms Tough Aircraft Skin—Mar 3, 
52, p160 

Sectional Dies Are Easier to Finish—Mar 3, ‘52, 
pl6l 

Super “Nerve Center’ Cam—Mar 31, ‘52, p83 

Standardized Die Blocks Cut Tool Costs—Mar 31, 
‘52, p87 

Master Fixtures Master Assembly Troubles—Mar 
31, ’52, p92 

Trepanning Speeds Production of Deep Holes— 
Mar 31, ‘52, p96 

How Sperry Harnesses the Electron—Apr 14, ‘52, 
pl43 

Titanium Tests Tools, Talent—Apr 28, ‘52, p91 

Racks ond Pinions Drive Plastic Mold Cores— 
Apr 28, ‘52, p97 

Slotting Fixtures Load Rapidly—Apr 28, ‘52, p102 

Preformed Shapes Save Time and Carbide—Apr 
28, “52, pl04 

Plastics—Equip t and Techniq Apr 28, ‘52, 
pl07 

Low-Voltage Magnetic Holding—May 12, ‘52, 
pl27 

How to Keep -+-0.0002-in. Accuracy Throughout 
Press Operations—May 12, ‘52, p132 

Correct Curves for Carbides—May 12, ‘52, p142 

Plastiscale Prototypes Speed Ford Tooling—May 
12, ’52, p159 

Tubes From Slugs—125 Extrusions Per Minute— 
May 26, ‘52, pl00 

Sandwich Structures Are Simple—May 26, °52, 
pills 

Functional Tooling with Unit Air-Operated Drills 
—June 9, °52, pl24 

Adjustable Cams Time Bending—June 9, “52, p155 

Tricky Tooling Turns Out Tubes—June 23, °52, 
p97 

Coms Drive Small Cores in an Injection Mold— 
June 23, ‘52, pll0 

Die Quenching Precision-Forms Tough Alloys— 
July 7, “52, pl25 

Gate Guards Give Greater Press Safety—July 7, 
*52, pi30 

Simple Zine-Alloy Dies Speed Small Orders—July 
7, 52, p138 

Compound Dies—July 21, “52, p104 

Special Setups Speed Production of 20-mm AP 
Shot—July 21, ‘52, pl12 

How to Bend High-Strength Extruded Shapes— 
July 21, ‘52, pli5 

Gage Your Hob Sharpening and Save Tools— 
Aug 4, ‘52, p95 

6-Stagez Progressive Die “orms Heavy Stock—Aug 
18, “52, pl1l2 

Alco Touling Assembles the M-47 Hybrid—Aug 
18, “52, pll9 

Ingenious Tools Make Complex Metal-Powder 
Parts—Sept 1, ‘52, p105 

Don’t Overlook Operator Safety in Press-Tool De- 
sign—Sept 1, “52, p12! 

Reset-Pawl Tolerance Held By Powder Metallurgy 
—Oct 13, 52, pl26 

Regrind and Break-In Blasted From Chrome-Plated 
Tools—Oct 13, ‘52, p158 

Grinding Fixture Aids Die Manufacture—Noy 24, 
52, pl34 

Low-Cost Methods Speed Die Construction—Dec 
8, ‘52, p93 ' 

How to Design Diamond-Pin Locators—Det 8, ‘52, 
pl08 
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Special Cutting Tools OF DEPENDABLE QUALITY 


The Detroit Reamer & Tool Co. Plant is 
equipped with the finest in modern machinery 
and inspection facilities to provide you with 
the ultimate in precision tools. Our Engineer- 
ing and production personnel with 35 years 
of empirical knowledge behind them are 
completely qualified to expertly handle 
your tool needs. 





A simple hand spinning of Wej-Lok retainer ring locks 
or unlocks inserted tools—no wrenches or other tools 
are required. Positive locking that eliminates tool play 
or wobble is accomplished by grinding a flat area on 
tool shank to match holder wedge. For a superior tool 
holder on all your drilling, reaming, boring and milling 
operations—specify Wej-Lok. 


Grip-Tip CENTERS 


with Replaceable Carbide Tips 


Grip-Tip Centers are specifically designed to reduce your replacement costs 
and machine down-time. It takes but a minute to remove and replace the double 
end male or female carbide tips. Also, the life of Grip-Tip holders is practically 
unlimited because only the carbide tips are reground. 


Circularity-Grinding Attachment illustrated 
permits your own tool makers to quickly and 
easily answer your production requirements 
for new cutting tools. With this attachment, new 
cutting tools can be quickly cut from raw stock, 
old tools converted to meet new requirements 
or standard tools reground to your specifica- 
tions. The Circularity Grinder is of inestimable 
value when emeigencies exist, demand for a 
new tool is urgent or production lines must be 
kept running. With this attachment in your shop 
you eliminate delayed deliveries. 
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- Self- 
\ ee clamping 
DRILL JIGS 


NOW STANDARDIZED for 
DRILLING, REAMING, TAPPING 


9 sizes — 
5 combinations per size — for 
hole patterns 3"' through 15" dia, 


Standardization makes for quick de- 
livery and attractive price. Only a few 
minor parts need be made. Speed up 
machining operations. The operator 
merely feeds the parts — the Zagar 
Self-clamping Drill Jig does the rest. 
Zagar drill jigs are now “off the shelf”. 


Zager drill jigs can be used in con- 
junction with Zagar gearless multiple- 
spindle drill heads to ream, drill, and 
tap on standard drill presses and tap- 
ping machines. Or, Zagar can quickly 
supply the complete “package” unit. 


Sd % . 
Write for New Bulletin X. 


ZAGAR TOOL, INC. 


24000 LAKELAND BLVD., CLEVELAND 23, O. 


TOOLS For 
INDUSTRY 
and SPECIAL MACHINERY 





Tooling _. . continued 


How to Design and Apply Master Gears—Dec 8, 
*52, pl2s 

Self-Positioning Jig Cuts Dril! Breakage—Mar 16, 
‘53, pi78 

How to Design Strippers and Ejectors for Pro- 
gressive and Forming Dies—Mar 30, ‘53, p95 

How Sylvania Fashions Fluorescent Fixtures—Apr 
13, ’53, pi27 

Gages Cut Hobbing Costs $30,000—June 22, ‘53, 
pi2i 

How to Apply Strippers, Pressure Pads and Knock- 
outs to Compound and Draw Dies—June 22, 
"53, pl25 

Further Thoughts on Shaving Dies—July 20, ‘53, 
pl44 

Punch Press Tooling Works From Cams—Mokes 
Cames—Sept 18, ‘50, pl06 

How te Choose Trim Dies for Drawn Shelis—Oct 
30, ‘50, p85 

Steel Prop Blades Extruded with Internal Taper— 
Mar 5, ‘51, pi28 

Tooling Tricks at Watertown Arsenal—Apr 30, 
‘51, p89 

Abrasive Belts Grind Carbides—Dec 8, ‘52, p102 

Billets Cut to 0.008-in. Accuracy in 700-Ton 
Bethlehem Shear—Jan 9, ‘50, p153 

How to Boost the Output of Multiple-Slide 
Presses—Feb 6, ‘50, p73; Feb 20, ‘50, pl24; 
Mar 20, ‘50, p100 

Scrap-Strip Allowances for Blanking Dies—Feb 6, 
“50, p36 

Stop Punch-Press Accidents—Feb 20, ‘50, p97 

Sectional Dies Cut Costs—Feb 20, ‘50, p12! 

Designing Two-Station Progressive Dies—Mar 6, 
‘50, p92 

Zipper Die Closes G Crimps Tube Seam—Mar 20, 
‘50, pi21 

Second Operations on Stampings Show Ingeni 
Tool Engineering—Apr 3, ‘50, pl17 

Designing Flexibility into a Press Shop—Apr 3, 
‘50, p133 

Horn Dies Will Do Many Jobs—Apr 3, ‘50, pl49 

Follow-Die Accurately Blanks G Shaves—Apr 17, 
‘50, p97 

Make the Guard Part of the Die—May 15, ‘50, 
p96 

How to Select a Mechanical Press—June 12, ‘50, 
pol 

How to Design Automatic Stops for Dies—June 
26, “50, p80 

Five Benefits of Die Interchangeability—June 26, 
“50, pl00 

Smalf Short-Run Parts Made by Rubber-Die Proc- 
ess—Aug 21, ‘50, pl02 

Compound Dies Make Accurate Parts—Aug 21, 
50, pl22 

Press Reconditioning Pays Off—Sept 4, ‘50, p124 

Huge Forming Dies Simplify Production of Welded 
Pipe—Sept 4, ‘50, p128 

Chain-Feed Carries Springs Through Forming Die 
—Oct 2, ‘50, p86 

Stacking Chutes Protect Laminations—Oct 2, 
‘50, pll4 

How to Cheose Trim Dies for Drawn Shells—Oct 
30, *50, p85 

Choose from 24 Cutoff Dies—Nov 27, ‘50, p96 

Die-Life Test Cuts Cost of Laminations—Noy 27, 
*50, pl00 

Progressive Dies Make Precision TV Parts—Dec 
11, “50, pl33 

First-Aid for Ten Cutting-Die Troubles—Dec 25, 
“50, p96 

Power Spinning Eliminates Anneuling G Descaling 
—Dec 25, ‘50, pll4 

Pad Your Trimming Dies with Economical Zinc— 
Apr 16, ‘51, pl36 

Progressive Die Makes Tiny Cups—June 11, ‘51, 
pi38 

Switches Controt Progressive Die—June 25, ‘51, 
pli2 

Five Ways to Form Gears—Aug 20, ‘51, p103 

How Segmental Dies Can Split Pipes—Oct 15, 
*S1, p27 

Forming Licks Nitralloy Job—Oct 15, 

51, pi33 

Four Feeds Automatize Punch Press—Jan 7, ‘52, 
p132 








Zagar Gearless Drill Heads can drill vir- 
tually ony number of holes at one pass. 


ZAGAR 
GEARLESS DRILL HEADS 
can drill on close centers 
AT ONE PASS-- 
CLOSER THAN EVER! 





—as close as the sum of hole diameters 


< 





+ 


| 


ie Lee en 

















ZAGAR SETS PRACTICALLY 
NO LIMITS: 


Any number of holes —s many as 
960 for example, at one pass. 


Any size—vup to 14" diameter. 


Any hole pattern — odd shaped pat- 
terns on small or large objects. 


Any material— ferrous, non-ferrous 
or non-metallic. 


Let us apply these remarkable 
possibilities to your job and tell 
you how Zager Gearless Drill 
Heads can pile up profit on 
your production. 


- a 


Ask for Bulletin *Z” 


ZAGAR TOOL, INC. 


24000 LAKELAND BLVD., CLEVELAND 23, O, 


TOOLS For 
INDUSTRY 
and SPECIAL MACHINERY 
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Let the I BE modern 


miracle- carbide cutting 
wheel rocket your 
production! 


\ 


Carbide users are reaching new a 
heights in grinding efficiency and produc- Macklin 
tion through the use of the new Macklin 
Modern Miracle carbide cutting wheel. C 

Mincreased wheel life up to 5 ompany 
300% is not unusual from this radically 
new development in grinding. Faster stock Manufacturers of GRINDING WHEELS 
removal, better finishes and decreased AND OTHER ABRASIVE PRODUCTS 
grinding costs are being achieved by many JACKSON, MICHIGAN 
major users. 


ee Sales offices are maintained in the 
. a Call your Macklin distributor, or larger cities, with ample stock carried. 
a Macklin field engineer, and let them prove Distributors are located in all principal 
how, you too, can get these cost and labor cities to contact and service the needs 
saving results. of customers. 
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50,000 HOLES 


* 


Hane & 


Many manufacturers are discovering that Whitman & Barnes 
carbide reamers reduce machine down-time and costs by pro- 
viding more holes per grind. Typical is the above illustrated 
reaming of 2” diameter holes in the cast iron planet carrier 
assembly at a well known automobile plant. 


Six flute W & B carbide reamers were selected by this Michigan 
manufacturer to secure on this tough operation a maximum number 
of reamed holes per grind. These W & B carbide reamers are 
consistently reaming 50,000 or more holes before regrinding is 
required. This high performance is characteristic of the quality 
designed and manufactured into every W & B carbide reamer. 


In addition to complete lines of carbide drills and reamers, 
Whitman & Barnes manufactures many other carbide cutting tools, 
also drills and reamers of high speed steel. For finest quality, 
long-life and a reduction in your cutting costs—select W & B tools. 
YOUR INDUSTRIAL DISTRIBUTOR 
Can Give You Quick Service 


On Whitman & Bornes Tools. 
Contact Him Today! 


WHITMAN & BARNES 


40035 PLYMOUTH ROAD e PLYMOUTH, MICH 


NEW Y an . HICAG ° t ANGE E . ATLANTA 











From the American Machinist Library 
of Tips for Top Shop Men 


OME wag said long ago that it isn’t smart to step on 
other men’s hands as you go up the ladder—you 
may need their help coming down. It’s just as true that 
the man who makes his way up by slipping a knife in 
the back of the man above, spends his time up their in- 
effectually because he’s always got one eye cocked over 
his shoulder, watching for the knife. 











C30 


Tooling, concluded 


How to Cast Constant-Tolerance Forming Dies— 
Feb 4, ‘52, pill 

Open Die Forges Ti Cones—Feb 18, ‘52, p136 

How to Shear to Closer Limits—May 26, ‘52, p102 

Coining Controls Thickness and Location of Shell 
Flange—May 26, ‘52, p106 

Holiow Extruded Forgings Conserve Critical Mate- 
rials—June 9, “52, pll9 

Plow Mold Boards Press-Formed to Shape—June 
9, ‘52, pl22 

Feeders and Retrievers Aid Lamination Blanking 
—dJune 9, ‘52, pl28 

Gate Guards Give Press Safety—July 7, ‘52, p130 

Hot Molding increases Scope of Powder Metaliurgy 
—dJuly 7, ‘52, p32 

Simple Zinc-Alloy Dies Speed Small Orders—July 
7, ‘52, pi38 

Pierce, Draw Hollow Steel Forgings to 13 Tons— 
Aug 4, ‘52, pl46 

Nibbling Die Slides Away from High Costs—Aug 
18, ‘52, pl29 

New Stretch-Forming—Sept 1, °52, pl13 

Pair Forging Mokes Giant Rotor Disks—Sept 1, 
‘52, p38 

Cartridge Cases Are Drawn from Hot-Forged Cups 
—Sept 15, ‘52, p51 

Dodge Automates Press Forging—Sept 29, ‘52, p123 

Upset Beading Die Cuts Job Time 98%—Oct 13, 
‘52, pl60 

Retriever Unloads Diecaster Automatically—Dec 
22, ‘52, pl00 

Pontiac Cold-Extrudes Rocket—Jan 5, ‘53, pl18 

Flanged Parts Made by Splitting Flat Steck—Feb 
2, ‘53, pl20 

Flame Beats Sugar for Lengthening Die Life— 
Feb 2, ‘53, pl22 

What Are Significant Features of Shaving Dies— 
Feb 16, ‘53, pl44 

Die Has Two Tap Heads—Mar 2, ‘53, p126 

Zone-Heated Dies Deep-Draw Thin Magnesium— 
Apr 27, ‘53, p129 

Carbide Cold-Heading Dies—Apr 27, ‘53, p138 

Finned Coils Automatically—May 11, “53, p133 

How Delco-Remy Cold-Forms—July 20, ‘53, p135 

Terminology for Drawn Shells—Aug 3, ‘53, pl10 

Indexing Fixture Applied to Spotwelding—Aug 
21, ‘50, pll0 

Assembly Fixture Makes Fastening Faster—Aug 
21, ’50, pi20 

Universal Locator Sets Up Aircraft Fixtures—Nov 
27, ‘50, pi25 

Targeting Fixture Boosts Casting Output—Jan 8, 
‘51, pll4 

Timed Press Tools Make and Assemble Three 
Parts—Feb 4, ‘52, p95 

Target Fixtures Precision-Weld New Gun Pedestal 
—Jan 5, ‘53, plls 

Tool Selection Cuts Machining—Jan 9, ‘50, p120 

Physical Characteristics of Cast Alloys and Car- 
bides—Oct 15, ‘51, p130 

Ceramics Make Furnace Fixtures Last Longer— 
July 21, ‘52, pol 

Sub-Zero Hand Tool Failure Suggests New Steels 
and Treatments—Nov 24, ‘52, p154 

Pontiac Saves $10,000 Annually with a Tool-Con- 
trol Program—Jan 8, ‘51, p85 

Ford Makes Headlight Liners in Progressive Dies 
—Mar 16, ‘53, pl69 

Swedish Tests Prove Out Radioactive Tool Ex- 
periments—Mar 16, ‘53, pl94 

Carbide Tools Ground Without a Diamond Wheel 
—Mar 16, '53, pl95 

How to Loy Out Large Work Without Fixtures— 
Mar 30, “53, pl02 

Should You Buy Tool-Design Work Based on Com- 
petitive Bids?—Apr 27, ‘53, p134 

Chip-Tool Temperature Affects the cutting Speed 
—June 22, ‘53, p130 

“Steamer” Is Still with Us—June 22, ‘53, p137 

Drill Units Up Production of Job-Lot Machining 
—July 6, ‘53, pl26 

How Sharp Are Carbide Tools Finished with Sili- 
con Carbides?—Aug 3, ‘53, p120 

Precision Tooling a Must When Machining to 
+0.0025"—Aug 17, ‘53, p.97 

Accurate Blank Layout Aids Diemaker—Aug 17, 
"53, pl06 

Cut Costs of Tools—Aug 17, ‘53, p130 
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Stamping end-plate holes in 
the carriage cover of the 
Monroe Adding Calculator. 


The lofty die, at right, represents the last critical 
stamping operation in the production of the 
Monroe carriage cover, shown above. It’s unusual 
because it pierces close-tolerance end holes in 
either 10” or. 12” covers affer they have been 
assembled. The die set that controls this precise 
piercing operation both looks and performs like a 
THE DIE MANUFACTURER: - 
The, Comectict Tool SAN ee “special” made-to-order set. Actually, it is a rear 
Bridgeport, Conn. pin catalog set fitted with 1%4” x 16” pins. Even 
with the long guide pins, the highly accurate paral- 
lelism is maintained. Yes, Monroe is getting the 
benefit of a “special” without paying for extras in time and expense, 


In all, 12 Producto catalog die sets are used in stamping and forming this assembly. 
Only the one with the long guide pins is unusual in size or shape but all require 
the utmost in precision and dependability. The point to remember is 
this: Whether you require a “made-to-order” special or a “quick-to-order” 
catalog die set, you'll get the best from Producto. 


FOR PRECISION DIE SETS FAST CALL... 
THE PRODUCTO MACHINE COMPANY © 975 Housatonic Ave., Bridgeport 1, Conn. 
ALSO MAKERS OF DIE ACCESSORIES, FEEDING EQUIPMENT, VISES, MACHINERY. zpossa 
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Your Dependable Source for Top Zuality! 
A-B-C DRILL JIG BUSHINGS 


Made from chromium or chromium-tungsten oil 
hardening tool steels having 18.5% greater wear resist- 
ance than regular water hardening tool steels — and 
unexcelled for hardness and concentricity. 


he A-B-C PIERCING PUNCHES 


Precision made and precision heat treated. 


Two grades: 


Water hardening tool steel 
Molybdenum high speed steel 
to give optimum service. 


A-B-C STANDARDIZED 
DRILL JIG VISE 


Patented exclusive features permit swinging 
away the top plate for simplified fixturing and easier 
loading. 

Registry of top plate also is made extremely ac- 
curate through independent guide pins and bushings. 


ONE DEPENDABLE SOURCE FOR ALL THREE! 
ACCURATE BUSHING COMPANY 


MAIN OFFICE AND FACTORY: 


433 North Avenué, Garwood New Jersey °* WEstfield 2-6400 


2 
ENGINEERING OFFICE AND REGIONAL WAREHOUSE: 
5722 W. Chicago Ave., Chicago 51, ESterbrook 8-7180 
: o 
REPRESENTATIVES IN ALL IMPORTANT INDUSTRIAL CENTERS 
WRITE FOR LITERATURE AND NAME OF YOUR LOCAL DISTRIBUTOR 


illinois ° 











From the American Machinist Library 


of Tips for Top Shop Men 


HEN you walk the tight-rope between close 
tolerances, or between good and bad finish, 
balance is vital. Be sure you have it, in machine-tool 
spindle or shaft, in tooling, in fixture. It will pay out 


in longer tool life and reduced scrap. 











MANUFACTURERS’ 
FREE LITERATURE 


AIR CHUCKS—Whiton Machine Co, Howar2 
St, New London, Conn. 8-page brochure illus- 
trates wedge and lever-actuated units, Describes 
Micro Jaw-Set for precision adjustment of 
chucks with American Standard serrated jaws. 
Features of air cylinders and other accessories 
included. 


TWIST DRILLS—The DoAll Co, 254 N Laurel 
Ave, Des Plaines, Ill. 12-page brochure illus- 
trates and describes variety of types, including 
new XL drills, designed to assure more holes 
per grind. Data on drill pointing and web thin- 
ning included. 


CENTER HOLE CHART — Ready Tool Co, 
Bridgeport 5, Conn. Guide for determining sizes 
lists maximum load on centers in pounds; rang- 
ing from 100 to 300,000, gives minimum shaft 
diz required, and subsequent hole dias that 
should be used, based on the predetermined fac- 
tors. 


MILLING CUTTERS — Milt Div, Kraus 
Design, Inc, Flint St, Rochester 8, NY. 5 data 
sheets in ‘folder cover attached-blade cutters of 
increased size span, new carbide slotting saw, 
and new inserted-blade saw line. Inserts and 
arbors are covered, too. 


HOLDING TOOLS—Wilton Tool Mfg Co, 925 
Wrightwood, Chicago 14, Ill. General Catalog 
100 describes line of vises, clamps, and posi- 
tioning devices, Contains index, cross-sectional 
drawings, and cross-reference charts of compe- 
titive lines. Includes new line of lower-pficed 
vises, and power-operated automatic units. 


CARBIDE BURS—Pratt & Whitney, West 
Hartford 1, Conn. 19-page illustrated booklet 
on Kellerflex line describes 12 standard shapes. 
Contains datz on proper use, recommended 
speeds, resharpening service. 


DRILL JIGS—Swarts Tool Products, 13330 
Foley Ave, Detroit 26, Mich. 44-page catalog 
953 illustrates extensive line of fixtures. In- 
cludes applications, technical data, and price list. 


TAPS—Reiff & Nestor Co, Lykens, Pa. 20-page 
catalog 10 offers complete data on size, threads, 
flutes, and prices for standard and specials. Solu- 
tion of specific production problems included. 


C’BORES—Continental Tool Wks Div, Ex-Cell-O 
Corp, 1200 Oakman Bivd, Detroit 32. 8-page 
booklet covers hand-detachable counterbores an/ 
pilots, and counterbores in sets. Lists complete 
line with sizes, material, mechanisms. 


BROACHING TOOLS — National Broach & 
Machine Co, 5600 Jean St, Detroit 13. 8-page 
folder tells of 25-year experience in broaching, 
with accounting of best practice, fundamentals, 
design materials, and components made by 
broaching. 


CARBIDE TOOLS—DoAli Co, 254 N Laurel 
Ave, Des Plaines, Ill. 12-page brochure describes 
variety of carbide-tipped single point cutting 
tools. Standard unground tips as well as tips 
for threading tools, reamers, scrapers, are shown. 
Carbide inserts and tips for lathe and grinder 
centers listed. 


METAL CUTTING TOOLS—!Veddell Tools, 
37 Centennial St, Rochester 11, NY. 32-page 
catalog describes Tri-Bit (triangular tool bit) 
tools. Includes data on speeds and feeds, grind- 
ing and maintenance, cutter mounting, and spe- 
cifications for tool layout purposes. Request on 
company letterhead. 


CARBIDE APPLICATION DATA — Adamas 
Carbide Corp, 100 S 4th St, Kenilworth, NJ. 
Combination dial and slide chart, called Carb- 
A-Guide, indicates proper speed; carbide grade, 
tool angles, chipbreaker dimensions for feed and 
depth of cut, by turning dial to type of material 
to be machined. Includes speed conversion and 
milling feed slide, and hp computer. Price $1; 
request direct from company. 


ROTARY FILING—Rota-File Corp, Brooklyn, 
NY. 11-page illustrated bulletin covers com- 
plete range of shapes and sizes for specific ap- 
plications. Files are made of HSS, hand chisel 
cut, and from carbides. 
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Your MADISON man has 
grown for you! 
































MADISON ROUGHING and FINISHING BORING TOOLS 


Diameter : 5” — up. Madison bored holes have ranged as large 
as 20.590” diameter. All Madison Boring and Reaming Tools 
feature Interchangeability — Controlled Float — Free Cutting 
Action — One-Screw Adjustment. Both Standard and Special 
tooling designed to meet job requirements. 


MADISON DEEP HOLE DRILLING TOOLS 


Diameters: %e” — 2”. Produce truer, more accurate, finer fin- 
ished holes with faster machining and elimination of secondary 
operations. 

Are used with conventional equipment or specialized machines 
for both deep and shallow drilling applications. 


MADISON TREPANNING TOOLS 


Diameters: 2” — up. Used where large diameters are to be 
produced from solid stock employing the principle of solid-core 
removal. 

Advantages are — 1. Faster cycle time because less metal cutting 
required; 2. True holes due to self-piloting feature; 3. Depth of 
hole unlimited. And, the salvaging of the core produced in 
many instances will return a profit on the tooling. 


MADISON ADJUSTABLE BOREGAGES 


Diameters: 1” and up. New, unique and adjustable. One set 
covers complete range of holes. Reduces gage inventory cost, 
dependably accurate. Speeds gaging operations. “Can’t-roll” de- 
sign. Applicational flexibility. 


MADISON GRINDING FIXTURES 


for every day, run-of-the-shop tool grinding jobs. Madison 
Grinding Fixtures are simple, accurate and flexible. Automatic 
180° indexing for Madison Tools and others where required. 
Grinding arbors available for various cutting tools. 


MADISON ENGINEERING and SERVICE 


Madison’s experience in “inner diameters” produces tools for 
machining holes with better finish, greater accuracy, fister, at 
reduced cost. 

Madison Engineers can help solve any “hole” problem. Con- 
tact your MADISON representative or send us a part-print, or 
sketch of your boring problem. A design and quotation will be 
submitted for your approval. 


















































os ‘the men with holes in their heads'’ 
> * MANUFACTURING co.| Dept: PB 
wa Z MUSKEGON 
A- kt INDUSTRIES, INC. MICHIGAN 
canne (8 
INNER DIAMETERS } ARE R BUSINESS 


TREPANNING 
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DIES AND TOOLS, 


... offer you 


all these benefits 


9 
10 


11 


12 


INC. 


Bronze electroplated on hardened —* 
combine strength with free, smooth action . 
eliminates seizing and scoring. 

Inside diameter of bronze plated and steel 
bushings spray quenched to guarantee uniform 
hardness throughout entire length of bushing. 
Bronze ploted and steel bushings strain re- 
lieved to hold their size and shape indefinitely. 


Precision manufacturing and rigid inspection to 
stata ob r 





Pre-finished hole to assure full length con- 
centricity, better fit and longer life. 

Honed hole to provide proper surface condi- 
tion for precision fit and best lubrication. 
Bearing surface extends full length of pany 
. . . increases bearing area up to 25% . 
assures better alignment. 

Figure eight oil groove for complete lubrication 
over entire area. Also, hydraulic action self- 
centers guide pin in the bushing. 

Alemite fitting for easy, positive lubrication. 
Specially designed retainers to securely hold 
the bushing in exact position . . . eliminates 
unknown holding strength of press fit. 

Bushings hove pre-fited inside diameters and 
are wring-fit in the die shoe. This eliminates 
the possibility of distortion and necessity of 
hand honing after assembly. Too, positive align- 
ment is obtained by seating the ground bushing 
shoulder on the finished die shoe surface. 
Complete selection of styles, lengths, sizes and 
materials to suit ony requirement. 


Our illustrated bulletin and price Mst 

hee 6 Ee Sees ee eee & 
or write direct to us 

breyten tn 

*PAT. PENDING 


14925 W. ELEVEN MILE RD. 
MICHIGAN 


BERKLEY ° 











LARGEST variety of... 


standard circular FORM TOOLS and BLANKS. 
Over 600 sizes carried in stock for 
IMMEDIATE DELIVERY. 


It's no longer necessary or economical to 
tools or purchase * 


grind" 
Let meee a STANDARD CIRCULAR 


short run jobs. 


“hand 
‘made to order” tools for 

‘COOLS give you uni- 
form, om dimensions, 
better finish and appear- 
ances, less set-up trouble. In 
short—maximum production 
at the lowest cost. 


Send for new catal now 
listing DAVENPORT STAND- 
‘COOLS and BLANKS as 
well as many new sizes of 
BROWN & SHARPE STAND- 
ARD TOOLS and BLANKS. 


West Coast Warehouse: 576 No. Prairie, Hawthorne, California 


SOMMA TOOL COMPANY Inc. 


Manufacturers of Standard and Special Precision Form Tools 
WATERBURY, CONN. 


22 BROWN STREET 








MANUFACTURER'S LITERATURE . . . cont'd 


COLLETS & CHUCKS—Rivett Lathe & Grind- 
er, Inc, Brighton 35, Boston, Mass. Bulletin 
100E contains all data and specifications grouped 
conveniently for quick reference. 


DRILLING & TAPPING UNITS—Rockwell 
Mfg Co, Delta Power Tool Div, 400 N Lexing- 
ton Ave, Pittsburgh 8, Pa. 20-page catalog de- 
scribes line of self-contained, automatic, quill- 
type power units. Specifications, applications 
illustrated. 


POWER CHUCKING EQUIPMENT — S-P 
Mfg Corp, 12415 Euclid Ave, Cleveland 6, Ohio. 
32-page catalog 105 illustrates line of self- 
centering units with cam and lever action. Cov- 
ers new compensating power chuck with floating 
cam, Sections included on rotating air cylinders, 
air valves, and accessories. 


LATHEMASTER—Mearvic Inc, 350 Peninsular 
Ave, San Mateo, Calif. 6-page folder illustrates 
4-faced tool block and five basic toolholders 
which may be fitted quickly to any engine lathe. 
Applications pictured, specifications, and prices 
listed. 


TAP DRIVERS—Scully-Jones & Co, 1901 S 
Rockwell St, Chicago 8. 4-page bulletin 20-50 
covers Safe-Torque releasing, adjustable-torque 
drivers in ranges from 10-32 to % in. Ratings 
are based on Iowa State College and company 
tests. 


CARBIDE REAMER SHARPENING—Staples 
Tool Co, Cincinnati 25, Ohio. Shop manual on 
conditioning contains special sharpening tech- 
niques for specific applications; setups illus- 
trated. Includes data on recommended diamond 
wheel type and sizes, and tabulation of sharp- 
ening for rezming most materials. 


CHUCK REAMERS—Pratt & Whitney Div, 
Niles-Bement-Pond Co, W Hartford, Conn. 4- 
page folder describes straight-flute reamers of 
HSS, straight or taper shanks, in standard sizes; 
also reamer blanks. 


POWER UNITS—Ex-Cell-O Corp, 1200 Oak- 
man Bivd, Detroit 11. 4-page folder shows quill- 
type hydraulic power units in two styles for 8- 
or 12-in. strokes 3-hp capacity, for fixture 
operation. 


ABRASIVE TOOLS—Metal Removal Co, 1546 
N Orleans St, Chicago 10. Wall chart showing 
carbide and abrasive tool shapes, and shapes of 
carbide burs, is for shop use, reference in 
ordering. 


FITTING CHARTS — Northwestern Tool & 
Engrg Co, 117 Hollier Ave, Dayton 3, Ohio. 
Conversion chart has catalog numbers for over 
100 jig and fixture items such as screws, keys, 
shoulders, knobs. Parts are from seven makers. 


AIR CONTROLS — Pantex Mfg Corp, Paw- 
tucket, RI. 8-page folder lists and describes 
methods of hooking up two-lever coordinated 
control for operating air-powered equipment 
manually and automatically. 


ABRASIVE & CUTTING TOOLS—Metal Re- 
moval Co, 1546 N Orleans St, Chicago 10, Ill. 
pi catalog contains charts on selection, 

tions for ific jobs, operating 
speeds for wheel dias and tool overhang. Tool 
selection chart gives advantages, applications, 
operating speeds. 


CLAMPS—Hallwell Tool Co, 606 S Hill St, 
Los Angeles 14. 4-page folder covers fast-action 
C-clamps for jigs and fixtures, claimed to de- 
velop 2300-Ib force in 8 sec. Tooling clamps 
built on similar principle are illustrated. Sizes 
range from 3 to 12 in.; capacities from 1500 to 
4000 Ib; 3000 Ib for tooling clamp. 





CARBIDE TOOLS—Newcomer Products, Inc, 
Latrobe, Penna. 32-page catalog 109-54 shows 
complete line of blanks, inserts, tools, boring 
tools, roller-turner tools, and clamp toolholders. 
Dimensions, angles, and other specifications are 
tabulated for ali types. 


HOBS—Brad Foote Gear Wks, 1309 S Cicero 
Ave, Cicero 50, Ili. List shows over 2000 cut- 
ters, broaches, and special tools for working 
gears, splines, racks, and the like. Engingers 
can lay out special tools with these as refer- 
ences to save money on ‘special costs. 
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Now Available... 


Jet-proven LONGER TOOL LIFE 
with Sandvik Coromant carbide tipped tools 


4 

YYY 055252525 
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Tests show that SANDVIK COROMANT 
tungsten carbide tipped tools 

and blanks have a productive life 
that compares favorably with that of 
the best competitive brands. The 
reasons? — Basic purity of the raw 
material, intensive research and 
development plus close, unified con- 
trol by SANDVIK from the tungsten 
mine to the finished tool. 


COROMANT’S extra production 
performance has made it famous 
throughout European metalworking 
plants. This same cost-cutting advan- 
tage is now available to you: 


@ In a wide variety of tools and blanks— 
including turning, boring, facing, 
threading and grooving tools, cutters, 
drills, reamers, scrapers, copying lathe 
tools and Swiss-type automatic tools, etc. 

@ In an unusually wide range of standard 
tool shapes and angles. 

@ In all standard grades to suit a wide 
range of applications and machine tools, 

@ Grade permanently color-identified on 
the end of tool shank. 
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Make your own test of COROMANT’S money-saving 
performance. Contact Sandvik for further details. 


COROMANT DIVISION ¢ SANDVIK STEEL, INC. 
111 Eighth Avenue, New York 11,.N. Y. * WAtkins 9-7180 
Detroit: 20005 James Couzens Highway, Detroit 35, Mich. * VErmont 7-9507 


Cleveland: 1736 Columbus Rd., Cleveland 13, Ohio, CHerry 1-2303 
SANDVLK CANADIAN LTD. + P. O. Drawer 430, Station O 

Montreal 9, P. Q. BYwater 7501 + 25 Milford Avenue 

Substation 83, Toronto, Ontario + CHerry 1-3477 


FROM ORE TO FINISHED PRODUCT WITHIN THE SAME COMPANY 
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No tools like the right tools! Columbus Die-Tool designs and 
builds tools, jigs, fixtures and special machinery to meet your 
most exacting requirements. RESULTS: operating cost that 
matches your budget; production that matches your schedule; 
product quality that matches the demands of your market. 

Contact Columbus Die-Tool & Machine Co. first—when you 
have a special machine problem. They are nationally known as 


expert designers and builders of special machinery and equip- 
ment .. . have been for over 46 years. 


AND MACHINE COMPANY 


P. O. BOX 750@ COLUMBUS, OHIO 
ESTABLISHED 1906 
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Manufacturers of 


GS @ FIXTURES © BUILDING MACHINE TOOLS COMPLETE 
SPECIAL TOOLS © UNITS FOR MACHINE TOOLS 





MANUFACTURER’S LITERATURE . . . cont'd 


THREADING HEADS—Landis Machine Co, 
Waynesboro, Pa. 8-page bulletin F-78-3 contains 
detailed data on solid adjustable heads, with 
tangential chasers; cover a pipe range from % 
to 6 in. 


CENTERS — Whitfield Mfg Co, Washington 
CH, Ohio. 4-page bulletin CS-50 covers “Mac” 
multi-action centers and self-locating revolving 
stops for screw machines, turret lathes, and 
grinders. Advantages of. 3-point “swirling bear- 
ing” and 0.0001-in. concentricity are detailed. 


TOOLING SERVICE—Template Reproduction 
and Engineering Co, 401 N Broad St, Phila- 
delphia 8. 12-page booklet on ““Templatooling” 
describes tool-design, templet-layout, templet- 
making, and tool and fixture-making facilities 
and skills. Request on company letterhead re- 
quired. 


MAGNETIC CHUCKS—Toaft-Peirce Mfg. Co., 
Woonsocket, RI, 14-page revised catalog 411 
covers entire line. Sizes, specifications, prices 
included, as well as general information on ap- 
plications and advantages. 


TOOLS & GAGES—Gauge & Tool Makers’ 
Assn, Standbrook House, Old Bond St, London 
W 1, England. 154-page catalog, third edition, 
in English, French, and Spanish, shows prod- 
ucts of 300 member firms, which span fields of 
gages, press tools, cutting tools, testing ma- 
chines, jigs, and fixtures. 


CUTTERS—The Equipment Co, 555 Beaufait 
St, Detroit 7. Anniversary catalog shows die- 
sinkers’ cutters, end mills, Keller cutters, shell- 
end mills, toolbits, cutoff blades, c’bores, center- 
drills, and slitting saws. 


DRILL FEED CHART—Chicago-Latrobe, 1211 
W Ontario St, Chicago 10, Ill. 8% x 11%-in. 
chart shows drill diameters and safe feeds for 
cast iron, bronze or brass, drop forgings an- 
nealed, drop forgings heat-treated, steel cast- 
ings and mild steel. Technical data included. 


SPROCKET-RATIO CALCULATOR—Wittek 
Mfg Co, 4309 W 24th Pl, Chicago 23, Ill. 
Slide rule calculator determines at a glance cor- 
rect ratio for use on chain drive for Wittek 
automatic roll feed for punch presses. Other 
side determines weights of metal pieces, using 
length, width, and thickness of piece and mate- 
rial factor from table. 


HAND TOOLS—Snap-On Tools Corp, Kenosha, 
Wis. 106-page catalog U illustrates complete 
line. Price list and specifications included. 21- 
page catalog 52-IR contains extensive data on 
wrenches and attachments specially designed 
for use on power-driven clutch and impact nut 
setters. 


TWIST DRILL APPLICATIONS—Whitman 
& Barnes, 40600 Plymouth Rd, Plymouth, Mich. 
Wall chart gives recommendations as to kind 
of drill to use in practically all metals and ma- 
terials. Wide range of drills illustrated, as well 
as correct drillpoint angles to use; proper speeds, 
feeds, oils and cutting compounds shown. 


CLAMPS—Cincinnati Tool Co, Norwood, Cin- 
cinnati 12, Ohio. Catalog C-50 furnishes selec- 
tion and application information on all types. 


CENTR-FINDER VISE—Black Drill Co, 1400 
E 222nd St, Cleveland 17, Ohio. Illustrated 
folder describes tool for locating centers or 
other predetermined points, regardless of shape 
or varying sizes of parts, within 0.001-in., hori- 
zontally and vertically. 


TUBING TOOLS — Imperial Brass Mfg Co, 
1200 W Harrison St, Chicago 7. Pocket-size 
catalog shows complete line of cutting, flaring, 
bending, swaging, reaming, and pinch-off tools 
for copper, aluminum, steel, and stainless tubing. 


POWER CHUCKS—Shkinner Chuck Co, 95 
Edgewood Ave, New Britain, Conn. 2-page data 
sheet covers close-coupled non-rotating power- 
chuck fixtures with 8-, 10-, or 12-in. chuck. 


CUTTING TOOLS—Circular Tool Co, 765 
Allens Ave, Providence 5, RI. 32-page catalog 
N gives complete data on circular metal-cutting 
saws, including carbide and alloy types; slitting, 
cutoff, slotting saws, circular knives, center 
drills, and reamers. 
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Make Sure You're Not Missing These Tooling Advantages ! 


Make this 3-Minute Check . . . Discover how a modern 
die steel can give you diemaking and production ad- 
vantages no other steel offers you! 


Are you aware of how tool and die steels have been 
improved in the last 5 to 10 years? New steels are now 
available that handle easier, run longer between grinds, 
bring down diemaking costs. Here are facts about 


Here is what Vega gives you. 


Freedom from Size Change in Hardening. The mold for this 9144" x 1014" 
plastic control panel has 1,280 5¢’’ dia. holes, six 3¢'’ dia. hori- 
zontal ports for heating and cooling, plus eight 34’’ dia. tapered 
holes on the edge. Vega was the only steel of many tried that could 
successfully hold the close tolerances of .0002’’ on centers of 
the 1,280 holes! Will the steel you use behave in hardening like this? 


Extra Economy in Hardening. Because ot Vega’s lower hardening tem- 
perature, troublesome pack hardening to avoid excessive scaling 
is usually unnecessary. Does the air-hardening steel you use give 
you this extra economy in hardening? 


Toughness with Good Hardness. This punch and die blanks 14"’ diamond 
threshold plates at one stroke. With previous air-hardening die 
steel, tools chipped and broke before any real production was made. 
With Vega these tools are in regular production—and there are no 
signs of wear or chipping to date. Will the steel you use perform 


in service like this? 





CARPENTER SPECIALTY STEELS 
Carpenter Matched Tool & Die Steels, 
Stainless Steels, Plastic Mold Steels, In- 
dustrial & Electrical Alloy Steels, High 
Speed Tool Bits, Tool Steel Drill Rods & 
Stainless Tubing & Fine Wire. 
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Vega (Air-Tough) Die Steel—just one steel in Carpenter’s 
Matched Set of 12 modern die steels. Compare Vega 
and what it offers, with the die steel you’re using. 
Check it point by point. You'll see what a difference a 
Carpenter Matched Tool and Die Steel can mean to 
your production and profit. THE CARPENTER 
STEEL CO., 109W. Bern St., Reading, Pa. 


. COMPARE it with the die steel you use... 


Easy, Low Temperature Heat Treating. You heat treat Vega from a 
temperature of only 1550°F (actually 200°F /ower than the 5% 
chromium air-hardening grades!). No need for special, high tem- 
perature furnaces! Are you getting the benefits of /ow temperature 
heat treating from the air-hardening steel you use? 


Uniform Deep Hardenability. Vega gives you the advantages of uniform, 
deep hardenability in very heavy sections. For example, Vega 
hardens to Rockwell C-60 from surface to center in sections as 
large as 8’’ round. How does the steel you use compare on this score? 


Geed Machinability. Unlike ordinary air-hardening grades, Vega has a 
well balanced analysis with a small percentage of hard-to-machine 
alloys. Field tests prove it to be one of the easiest of all air-harden- 
ing grades to machine. If the air-hardening grade you use fails to 
provide this good machinability, you’re missing out on lower costs. 








ies 


..-modern die steels engineered to meet today’s SS 


Export Department: The Carpenter Steel Co., Port Washington, N. Y. 
Get Immediate Delivery . . . Call your Carpenter Mill-Branch Warehouse, Office or Distributor. 


—“CARSTEELCO”’ 
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DEPENDABLE .... DURABLE 


FIXTURE CLAMPS—widest range, in the industry, of sizes 
and types to fit every requirement. 


Fixture Keye . . . Spherical i . . » Shoulder 
Screws many other items. Complete assemblies or indi- 
vidual parts. 








From the American Machinist Library 
of Tips for fop Shop Men 


F you’re planning to introduce a_ labor-saving 
method that will displace men, and you know 
there’ll be a kickback, get it set to go anyway. Then 
wait for “evaporation”—normal quits and dismis- 
sals—to cut your working force to the newer, lower 
level. There’ll be no trouble—if your men trust you 


and the company. 




















MANUFACTURERS’ LITERATURE . . . etd. 


ACCESSORIES—Erickson Tool Co, 23rd & 
Hamilton, Cleveland 14, Ohio. 34-page catalog 
K, Precision Tools, illustrates complete line of 
chucks, holders, mandrels, air cylinders, speed 
indexers, cutting bars, and special holding fix- 
tures. Includes specifications, recommended uses, 
and production savings. 


MICROBORE—LeViieg Micrebore Co, Fair 
Ave & 8 Mile Rd, Ferndale, Mich. 45-page cata- 
log 54 provides illustrated data on basic tool 
for boring, turning, and facing. Presents appli- 
cations and engineering data, and examples of 
special equipment for production operations, 


ABRASIVES—Sandusky Abrasive Wheel Co of 
Til, Inc, 619 W Ransom St, Kalamazoo 11, 
Mich. 9-page catalog 100 illustrates data on 
grinding and polishing, cutoff, and mounted 
wheels, and abrasive sticks and blocks. Operat- 
ing speeds, ordering information, size 
included. 


SHEAR & SLITTER KNIVES — American 
Shear Knife Co, Homestead, Pa. 72-page leather- 
bound handbook contains all basic information 
on use and maintenance. Applications and opera- 
tions illustrated. Request on company letterhead. 


FLOATING HOLDERS—Scully-Jones & Co, 
1903 S Rockwell St, Chicago, Ill. 6-page cata- 
log on JT lock and eject collet holders. Advan- 
tages described, specifications and prices in- 
cluded. 


CARBIDE TWIST DRILLS—Super Tool Co, 
21650 Hoover Rd, Detroit 13, Mich. 12-page 
circular 541 describes carbide tipped and solid 
carbide line. Specifications, instructions, price 
data provided. 


RIVETING TOOLS—Hi-Shear Rivet Tool Co, 
8924 Bellanca Ave, Los Angeles 45. 24-page 
sixth-edition catalog shows guns, bucking bars, 
removal tools, gages, and bolt tools, including 
new part numbers, and features exceptionally 
good sketches of parts and riveting operations. 


TOOL ANGLES—Heller Engineering & Mfg 
Co, 11750 Alameda St, Lynwood, Calif. Wall 
chart for engineers, Trig-Pal by name, covers 
trig functions including plane functions, com- 
pound angles, spherical trig, and areas of 
spherical shapes. 


CARBIDE TOOLS—Kennametal, Inc, RFD 
No. 2, Latrobe, Pa. 73-page illustrated catalog 
54 contains complete specifications, prices, 
grades, special tool features, technical data, and 
applications. 


JIG & FIXTURE COMPONENTS — Lodding 
Inc, Worcester 1, Mass. 86-page illustrated cata- 
log describes expanded line including plain fix- 
ture keys, heavy duty jacks, and ductile iron 
bar knobs and speed handles. New sizes of 
standard components given, plus full-scale lay- 
outs of every fixture. 
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only fifty gallons capacity 
in the wrong place.” 
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grade inserts in Kennamatic Tools are facing 
forgings heat-treated to 220,000 psi tensile 
| strength at 150 percent greater speeds and 
twice the feed obtained with brazed carbide 
} tools. 


| grade inserts in Kendex Tools are profiling one 
of these irregularly shaped helicopter rotor 
yokes in four passes taking only 25 minutes. 
Previously, each yoke required 15 passes 
taking 150 minutes. 


grade brazed tools are used by this manu- 
facturer in jump-cutting heavy SAE 4140 forg- 
ings. Four of these pieces are now completed 
in the time previously required for one with HSS. 
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grade inserts clamped in PT Tools are profiling 
SAE 8720 pinion gear blanks at 850 RPM 
holding +0.001” on all diameters. Maximum 
practical speed with brazed carbide tools 
was 425 RPM. 
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KENNAMETAL’ Grade Selection System 


grade blades in this standard 10” face Kenna- 
mill permitted this manufacturer to step up feeds 
from %” to 6” per minute when milling these 
heavy chrome-moly forgings. 





grade inserts used in Kendex Tools enable this 
manufacturer of precision electronic equipment 
to obtain required mirror-like finish and double 
tool life while machining at 1000 SFM. 


grade inserts turn these type 321 stainles 
forgings at rates of 32,400 per insert. Too 
cost per thousand parts is $.36. Previous cost 
using brazed carbide tools was $7.00 per 
thousand. 


grade brazed tools ore scalping up to 115 of 
these hard alloy billets per grind. Previously 
used high-speed steel tools required regrinding 
after each billet was machined. 


Performance reports on Kennametal* grades 








with ideas you can use to cut machining costs 


The substantial increase in productivity, or reduction 
in tool cost and down time indicated in each of the 
performance reports above, is a result of a single, 
simple step taken by the manufacturer involved. He 
discussed his machining problems with a Kennametal 
Tool Engineer. 

This Kennametal Tool Engineer, an experienced 
machinist, worked with the manufacturer’s production 
team in the analysis of tool wear and the selection of 
tools and carbide grades. Rates of feed and speed and 


depth of cut were established. When desired, he con- 
* Registered Trademark 


ducted an accelerated in-plant training program in 
which the manufacturer’s machinists were briefed in 
the use of carbide tools and the means of improving 
tool performance by using the simple Kennametal 
Grade Selection Chart (above). Production increased. 
Quality of workmanship improved. Costs were cut. 

This same simple pattern exists in hundreds of per- 
formance reports in our files. It can be applied to your 
machining problems. The first step... call a Kenna- 
metal Tool Engineer or, write KENNAMETAL, INC., 
Latrobe, Pennsylvania. 


TRY AN 
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ABRASION 3 RESISTANT PARTS 
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AND HEAT-RESISTANT PARTS 


Easily converted to fast-act- 
ing, economical jig. Shortcuts 
costs on small jobs. Lock the 
work in the “Yankee” Angle 
Vise. Tilt for the angle and 
lock. You’re set up for every 
operation . . . hand or ma- 
chine. Also available with 
quick-release swivel base. 
Two jaw widths ... 2” and 
34". Each vise supplied with 
grooved “‘V”’ Block for hold- 
ing rounds. 
“Yankee” Ratchet Tap Wrenches 
fer tight spots... 


Ratchet needs only slight 
back and forth movement. 
Adjustable cross-bar for 
close-quarter work. R.H., 
LH. and rigid adijust- 
ments. Knurled thumb 
piece for speedy start- 
ing in and backing out. 
Two lengths for 0 to 3/16” taps, 
one for 0 to 3/19” taps. 


Write For “Yankee” Tool Book 
NORTH BROS. MFG. CO. 
201 West Lehigh Avenue 
Philadelphia 33, Pa. 
DIVISION OF STANLEY TOOLS 


[ STANLEY ] 
Reg. U.S. Pot. Off, 
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ADDED INCENTIVE FOR CHANGE 


To the three traditional incentives for 
modernization of equipment—profit, in- 
creased demand, and pride of ownership 
—has been added a fourth—the high cost 
of labor. Not only are wages up so high 
that investments in automatic equipment 
look far less forbidding but also skilled 
labor is hard to find; ordinary labor has 
little or no desire to acquire manual 
skills, and not much interest in using 
such skills as it has. Lackadaisical atti- 
tudes of labor, plus demand for closer 
tolerances, use of more-specialized, hence 
more-sensitive, materials, and increasing 
appreciation of the relationship between 
fatigue and scrap are all factors in mech- 
anization and automation of equipment— 
and in the relatively long-term drive to 
avoid costly machining whenever possible. 

To avoid machining and handling, 
much effort has been put on development 
of such processes as: automatic mold- 
ing, shell molding, investment (lost-wax) 
casting, die casting, powder metallurgy, 
printed and strip circuits, “Tinkertoy” 
manufacture and assembly, presswork, 
combined machines (press and welder, 
bender and welder, screw machine incor- 
porating heat-treat, etc.), roll forming, 
thread and spline rolling, forging, cold 
forming. 

Paradoxically, machines and tools re- 
quired for such processes, processing of 
resulting high-strength parts, and in- 
creased purchasing power of consumers 
have combined to multiply the machin- 
ing. While machining per part is less, 
machining in toto is far greater than it 
was 25 years ago. 

This is borne out by statistics on in- 
stalled equipment from American Ma- 
chinist’s periodic Inventory of Metalwork- 
ing Equipment. Total machine tools in 
1930 were 1,049,509, in 1954 almost 
twice that at 1,941,612 units. 

The metalworking industry, once sim- 
ple, is now complex, requiring a tremen- 
dous variety of materials to be machined 
to close tolerances. Many materials are 
very hard to machine; many shapes are 
hard to produce. A major factor has been 
military demand, for the very light and 
complex sections in high-strength mate- 
rials required for supersonic aircraft, 
guided missiles, rockets, and in the atomic 
program. The T-lathe was resurrected for 
this service (and spinning saved from 





STANDARD’S NEW 
“T” SLOT BOLTS 


juoitl_) 


CLEAN 
DEEP CUT 
THREADS 


CONCAVE 
SURFACE 
CLEANS 
SLOT 


GREATER BEARING PREVENTS 
JOB SLIPPAGE 
AND SLOT BREAKAGE 


NEW PATENTED 
CONCAVE HEAD 
“T” SLOT BOLTS 


One look at the photo above will convince 
the most skeptical engineer of the superior 
performance of STANDARD “T” SLOT BOLTS 
compared with conventional square or 
angled head bolts. Coining after forging 
insures precision surfaces. Competitively 
priced—the cost in some cases is even less 
than old style “T” Slot Bolts. 


Precision manufactured from T. $. 200,000 
PSI. Alloy Steel. AISI 4140 Certified. Heat 
treated to give three to four times greater 
strength. Will stand up under 
strain of modern high speed 
cutting and milling operations. 
WRITE FOR BULLETIN, 
Price List, Discounts, etc. 


STANDARD PARTS CO. 


1025 BROADWAY + BEDFORD, OHIO 
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FOR MAND GRINDERS FOR GENERAL GRINDING 
‘For over 30 years world-wide users of abrasive products have 
recognized BAY STATE as a source of highest quality. 
Pre. reputation has been gained by the mete work of its 
skilled craftsmen, exhaustive product testing and constant field 
research. Wheels of progress indeed! 


y For maximum effectiveness of these ‘Wheels of Progress” in your plant, 
BAY STATE offers “On-The-Job” Engineering Service. It brings experienced, 
abrasive-product specialists to any trouble-spot or low-efficiency operation 
in your grinding department. 

These men know grinding, and their services are yours for the asking. 
Write: Bay State Abrasive Products Co., Mim ot. Massachusetts. 
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/ Size-Optional 
; STUB NANI 


Believing that there is too great a void between 
standard and special tooling, Mohawk has designed and 
developed a semi-standard subland tool. 


The Mohawk Size-Optional Subland is machined, 
hardened and placed in a stock bin. This results in a 
material saving to the customer in set-up costs, reduces 
delivery time to a fraction of that usually required for 
special tools, and allows a tremendous reduction in 
inventory.In ordering these Size-Optional Sublands, 
the customer is limited only in relation to shank 
specifications, and partially on overall length 
requirements. Diameters and step lengths are completely 
optional to fit re application. 
Write for full de 


NORMAL DELIVERY 
1 WEEK 
di \ FROM RECEIPT OF ORDER 





SUBLAND DRILL (2-2) 
(1) Drill—Chamfer f SSA hah hss 
(2) Drill—Counterbore < « 
(3) Drili—Drit 


§ 010 E WAIN ST, MONTPELIER On0 
pad 


worlds largest producer yf Stublanils 











From the American Machinist Library 
of Tips for Top Shop Men 


D ESPISE the political maneuver called “damnation 

by innuendo”. The apparently innocent question, 
“Does Johnson beat his wife?” is just as harmful to 
Johnson in the long run as your positive statement that 
he does. Watch remarks like “Is Smith slipping?” or 
“Is Jones’ health poor?”, unless you have a malicious 
desire to see the thing happen. 











oblivion—even converted to a mechan- 
ized process!), jig boring and precision 
boring generally became common, gun 
drilling and trepanning received a de- 
cided impetus. Recently, larger and 
larger machine tools have been produced, 
some even running on tracks to take care 
of very long parts; fixtures have been 
equipped with machining heads and op- 
tical aligning devices, have been made of 
concrete, wood, plastics; optics have been 
applied far more broadly to machining 
because of close measurements required; 
and all the new processes previously men- 
tioned have been introduced. 


MACHINE TOOLS 


Machine-tool development has proceeded 
at an accelerating, but not constant, rate 
these past 25 years. Some development is 
constantly going on, of course, but the 
outstanding forward strides have been 
made recently at the time of the occa- 
sional shows of the National Machine 
Tool Builders Assn. Such shows occurred 
in 1929, 1935, (1939), 1947, and one is 
being readied for 1955. (The 1939 show 
was cancelled at the last moment because 
of the outbreak of war in Europe, but 
the development work and new models 
were already in existence. In recent years, 
the policy has been to hold a show only 
on an infrequent schedule, because of 
the cost of preparation of the big ex- 
hibits and the difficulty of finding ade- 
quate exhibit space.) Thus we fough/ 
through World War II on 1939-design 
machine tools, except for specials (as did 
all of Europe—there’s no time to design 
when production demands are high), and 
made our first broad design advances in 
1947. The increasing emphasis on semi- 
automatic and automatic machines makes 
another show advisable next year. 

Great improvements in design of 
production-type equipment have been 
brought about through the demands of 
automotive industry tor faster machin- 
ing rates. These companies from studies 



































“Maintenance Paint Dept. asked me to 
shake some paint for them, their paint 
shaker broke down.” 
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FULLY ADJUSTABLE 
DRILLING HEAD 


Here's a light, 
compact tool 
with a wide 
range of ad- 
justment, Can 
drill on 
squares, rect- 
angles, cir- 
cles, triangles 
and irregular 
patterns. 


ADJUSTABLE 
TAPPING HEAD 


Fully geared. 
Needle bearings 
on all spindles 
in head. Ball 
thrust bearings 
throughout. 
Bronze bushed. 
Sand cast 
aluminum 
case. 


FIXED CENTER DRILLING HEADS 
with JIGS and FIXTURES 


ADJUSTABLE 
DRILLING HEAD 
This versatile 
tool permits you 
to take advant- 
age of a wide 
range of adijust- 
ment without 
overhang. 


Custom Built 
to Your Specifications. 
Send Blueprint for 
Quotation Without 
Obligation. 


UNIVERSAL 
JOINT 
DRILLING 
HEAD 
This dependable 
tool is adjustable 
to any pattern of 
holes. Available 
with 4 to 12 
spindles. All alu- 


Do more . .. and do it better 
with Errington Fixed Center 


minum housing 
construc. 
tion, thrust bear- 
ings and gears 
turned on 
spindles. 


Drilling Heads. They drill any 
number of varied size holes on 
different elevations. The head 
has grooved thrust ball bearings 
at all thrust points and hardened 


bronze radial bearings. Heat 
treated spindles and gears, of 
one piece turned from solid bar 
stock. It is geared approximately 
2:1. All enclosed in a sand-cast 
aluminum case and cover, with 
alemite pressure lubrication. 


Send for Complete Catalog 


ERRINGTON “ MECHANICAL LABORATORY, INC. 
ind P i Sees. LAO 4,Nn.7 


Ofce, STATES TRADING COMPANY (2! Nesteer Rew Voce 13 


AUTO-REVERSE TURRET LATHE 

TAPPING HEAD 
A new tool, practical, time-saving, 
money-saving. In a turret lathe 
setup it allows you to tap the hole 
end back out the tap without 
stopping the work or reversing the 
machine. 
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METAL CUTTING 


THE NEW 
FILFORD REZISTOR 
= HIGH SPEED STEEL 


BAND TOOL 


A REVOLUTIONARY, NEW, HIGH SPEED STEEL CUT-OFF TOOL 
DESIGNED SPECIFICALLY FOR CUTTING STAINLESS, DIE 
STEELS AND OTHER TOUGH FERROUS ALLOYS FASTER, 
MORE ECONOMICALLY. 


* cuTs TWICE AS FAST « © « @$ ¢one- 
ventional carbon steel band saw blades when 
sawing tough alloys. 


@ CUTS UP TO 30 TIMES LONGER... 


as proved by actual, on-the-job tests in the field. 


Now a band saw machine can be used for cutting steels 
that heretofore could be cut only with a power hack 
saw blade. The MILFORD REZISTOR Band Tool cuts 
smocther, faster and more accurately — chip loss cf 
expensive metal is reduced. Descriptive circular and 
price lists available. Contact us direct or through your 
local MILFORD distributor. 


MILFORD specialists will talk over your metal-cutting 
problems with you, advise if the REZISTOR Band Saw 
Tool is right for your specific application, and determine 
your possible cost reduction. 


STANDARD OF QUALITY THE WORLD OVER 


THE HENRY G. THOMPSON & SON CO. 


SAW BLADE SPEC4ALISTS FOR OVER ZO YEARS 


NEW HAVEN 5, CONNECTICUT 


PROFILE BLADES AND BAND SAW BLADES 
HAND AND POWER HACK SAW BLADES 


Buy MILFORD Blodes+t 
vtor, a man 
to SERVE YOU 








of machinability vs microstructure have 
demonstrated that turning, broaching and 
milling speeds could be upped consid- 
erably. However, the machine tools were 
not in existence to handle the speeds, 
feed rates and abuse of continuous use. 
But the machines were built by enter- 
prising companies, and their successful 
use has stimulated a whole new trend of 
thinking in the production industries. 
People want and will pay for more 
powerful, stronger and reliable machines 
when demonstrated savings can be made. 
And soon people in other kinds of plants 
want machines capable of the perform- 
ance reported in our “High-Speed Ma- 
chining” series. 

Machine-tool developments have an 
important bearing on other production 
machinery; they are bellwethers for less- 
precise tools. Thus, when printing-press 
and textile-machinery builders made ma- 
chine tools during the war, they learned 
of the advantages of closer tolerances, 
and adopted them in their own products. 

Use of special materials and special 
accessories has spread the same way, as 
has individual motoring, centralized con- 
trol, accessibility for operator comfort, 
better machine lighting, and so on. Thus 
it is of interest to trace rather closely the 
machine-tool advances of the past quar- 
ter-century as indicative of the trends in 
other equipment. 

A basic question has been whether the 
future machine tool is to become lighter 
or heavier. There have been advocates 
on both sides, but the current trend is 
toward both—heavy machines with auto- 
matic features, high hp, high speeds and 
feeds for mass production, and lighter- 
duty machines without special features or 
accessories for job-shop and toolroom 
work, or where economy is a factor. 

Basic trends in machine tools seem to 
be toward higher speeds (up 50% since 
World War II), higher feeds to match, 
higher Lorsepower (up 100% since World 
War I), automatic or semi-automatic 
control, more contouring, adjustable 
speed or feed drives for optimum cut- 


“Boss, here's a little collection | took up 
for you among the boys . . . except 
Henderwicks.” 
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MAGNETIC CHUCKS AND DEVICES 
...extra holding power that holds an 
extra margin of profit for you! 


22% more magnetic area . . . work 
pieces held to extreme edges of chuck 
. . » welded all steel construction . . . 
moisture-proof . . . shock-proof .. . 
wide range of sizes and types. 


RECTANGULAR CHUCKS 


Working surfaces from 5” x 
10” to 30” x 96". Precision 
ground laminated steel 
face plates. 


VERTICAL FACE CHUCKS 


For face grinders. Adaptable 
to other types of machines. 
Sizes (or multiples) same as 
rectangular models. 





ANGULAR ELEVATION 


Regular magnetic chucks 
with angular elevation 
furnished in standard sizes 
to 48”. 


ROTARY CHUCKS 


Inserted ring chucks. 64” 
diameter face to 72” di- 
ameter. Laminated inserted 
ring face plates. 


SPECIAL 4-POLE 


24” rotary chuck holds fix- 
tures for internal and 
external grinding of bear- 
ing race. 


SPECIAL LATHE CHUCK 


6” x 6" laminated-top rotary 
chuck. Machined recesses 
for turning odd-shaped parts. 





SEGMENTAL CHUCK 
72” diameter, 4” wide 
magnetic face plate. For 
automatic loading and un- 
loading. 


MAGNA- VISE 


Holds non-magnetic mate- 
rials on magnetic chucks. 
Work-piece held between 
spring-loaded jaws actuated 
by magnetic pull of chuck. 


V-BLOCKS, 
PARALLELS, 
TOP PLATES 


Laminated steel. Available 
in many sizes and shapes. 
Special recessed parallels. 
Special parallels with spring 
loaded locaring buttors. 


SINE CHUCK 


Faster, more accurate set-ups 
for angular grinding. Easy 
to use. No dials or scales. 
Standard gauge blocks insure 
accuracy. Precision-built. 
Powerful magnetic attraction. 





SWIVELING CHUCKS A 


5” x 10” to 12” x 84” cross- 
sections. For tool room, 
knife bar grinding and simi- 
lar applications. 





ENGINEERING FACILITIES 


Complete engineering fa- 
cilities to help solve your 
particular chucking prob- 
lems with greatest efficiency 
and economy. Take advan- 
tage of this knowledge and 
practical experience. 


MAGNA-LOCK IS THE ONLY EXCLUSIVE MANU- 
FACTURER OF MAGNETIC CHUCKS AND DEVICES 


The entire research, engineering and pro- 
duction facilities of Magna-Lock’s modern 
plant are concentrated on magnetic chucks 


and devices. 





ACCESSORIES 


Demagnetizing units, volt- 
age regulator, demagnetizing 
and reversing switch, recti- 
fiers. Meet the high quality 
standards of Magna-Lock 
chucks. 





CHUCK REPAIR 


The most complete repair 
and rebuilding service avail- 
able anywhere. Any make 
and type of electro-magnetic 
deck Fast service, reason- 
able cost. 


Request Magna-Lock as original equipment on your new machines. 


Hanchell MAGNA-LOCK CORPORATION 
MICHIGAN, U.S.A. 


BIG RAPIDS, 


os TRA hPL all Blt te 


MAGNA-LOCK, INCORPORATED 
BIG RAPIDS, MICHIGAN, U.S.A. 
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ARMSTRONG 





Use the Correct... 


ARMSTRONG TOOL HOLDERS 


to increase pieces, production and profits! 


Because they do their work so well, without repairs, 
maintenance or replacement . . . because they last for 
years and have become as much a part of everyday 
operations as steel itself, the importance of using the 
correct type and size ARMSTRONG TOOL HOLDER 
for each operation, is frequently overlooked. It should 
always be remembered that by controlling the cutting 
point, ARMSTRONG TOOLS control both the pro- 
ductivity and efficiency of every lathe, planer, slotter, 
and shaper in most shops. 


Tools so vitally situated no matter how trouble-free, 
deserve periodic checking . . . checking to see that the 
correct size and correct type ARMSTRONG TOOL 
HOLDER is being used for each operation: checking 
to be sure that you are taking full advantage of the 
newer additions to the Armstrong System—the special 
types for ARMIDE (Carbide Tipped) Cutters, others 
for ARMOLOY (Cast Alloy) Bits and Blades; the 
newer “spring” form threading tools and cutting-off, 


etc., etc. 
Write for a recent ARMSTRONG Catalog and 
check your tooling of each operation. 


ARMSTRONG BROS. TOOL CO. 


"THE TOOL HOLDER PEOPLE” 
5215 W. ARMSTRONG AVE. CHICAGO 30, ILL. 
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pivot punches 


PIECES ... ELIMINATING A 
DRILLING OPERATION AND 
WE HAVE SHARPENED THE 
PUNCH ONLY ONCE” 


JOHN F UNNINGHAM, Chief Engineer 
UNITED PARTS MFG O., Chicago, Il 


HIGH SPEED STEEL 
WHIPSLEEVED 
STRAIGHTGROUND 


e Piercing SAE 1010 Steel with .117 diam. commercial punches resulted in 
runs of only 100 to 5,000 before punch breakage at United Parts Mfg. Co. 
Work-hardening of the hole edges also required drilling in order to avoid 
rupturing of the material in the succeeding extrusion operation. Scrap 


ran as high as 46%. 


Mr. Cunningham says, ‘We are now using the Pivot Straight- 
ground Whipsleeve Punch to produce a brake adjustment 
boot as a replacement service port for one of the leading 
automobiles. 

“We have pierced over 500,000 pieces and have sharpened 
the punch only once. We continue to be amazed at the 
performance of these punches. 

“The straight- grinding feature also permits successful 
extruding and has eliminated the former drilling operation.” 


e For longer punch life — more punching power — greater concentricity — 
higher production at lower costs — use Pivot Punches. 


eer eas, 


°, 40 ae <3? 
toe EXTREME HARON 


Send for FREE new catalog including 
standard prices. Write Dept. A.M. 


pivot pynch and die corp. 


NORTH TONAWANDA, WY 











From the American Machinist Library 


of Tips for Top Shop Men 


EMEMBER that human problems need careful 


study just as do engineering problems. Man 


is multi-motivated and one prescription won’t cure 


all his ills. 

















ting conditions, transfer mechanisms, 
better chip disposal, greater rigidity and 
strength, wider speed and feed ranges, 
automatic interlocks for accessories such 
as coolant supply and lubrication, closer 
temperature control on lubricant and 
coolant, better and more exact cool- 
ants even with interchangeable tanks 
for short runs), functional styling with- 
out chip-or dirt-forming pockets or dan- 
gerous projections, grouped and duplicat- 
ed controls, built-in speed and load 
indicators, automatic gaging and sizing 
and dressing and trouble reporting. 

Machining cycles have become so effi- 
cient that much emphasis is now being 
placed on reducing loading and unload- 
ing time. This development is going in 
two directions—one, automation of the 
single machine, and two, application of 
transfer or shuttle mechanisms between 
groups of machines. (Transfer and shuttle 
units differ in that the transfer unit moves 
the part through the machine, while the 
shuttle unit carries the unit on a pallet 
or shuttle which is moved from machine 
to machine. Actually common terminol- 
ogy classifies both as transfer units.) 
These machines have been used most ex- 
tensively for broaching, drilling, reaming, 
tapping, milling, counterboring, and even 
incorporate inspection of surfaces pro- 
duced. The initial development was in 
special machines tied together by transfer 
units, but this was found to cause too 
much delay when a unit broke down in 
service or when a design was changed; 
thus the current transfer machine is com- 
posed principally of standard machines, 
with ready interchangement or alteration 
possible. 

The transfer idea is 15 years or more 
old, but has had its greatest development 
since World War II. Automotive com- 
panies pioneered it, but it has now ap- 
peared in automotive accessories, appli- 
ances, and similar plants where quantity 
justifies it. It has a tendency to force 
standardization and freezing of design, 
but has done much to force further re- 


"Yah ... Well, where were you twenty 
minutes ago ... when everything was 
running smoothly ... ?” 
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search in optimum machining rates, ma- 
chinability, and in general the balancing 
of finish, tool life, output, tool-change 
time, and costs. 


AUTOMATIC CONTROL 
Automatic control has been familiar to 
engineers for years on automatic screw 
machines, templet-guided oxy-acetylene 
cutting machines and punch presses, du- 
plicating millers, tracer-controlled lathes, 
and on fixtures or tables that index the 
work to a cutting position. 

About 1804, J. M. Jaquard invented a 
loom controlled by punched cards linked 
together in a chain, a control system since 
applied to embroidery and lace-making 
machines, and as a punched tape to 
pianos, organs, typewriters, and typeset- 
ting (Monotype). Now the principle is 
being applied to machine tools, to pro- 
duce limited numbers of parts without 
elaborate tooling or fixturing and with- 
out the necessity of first producing the 
master or templet required in the con- 
tour-following system. Extremely com- 
plex pieces can be made from tapes pre- 
pared on a computing machine—and such 
informatian might be used shortly to 
“teletype spare parts anywhere.” 

Early tapes were planned on a “play- 
back” basis—a machinist ran through the 
operations to make one piece and the tape 
thus produced could be reused. This intro- 
duces unnecessary motions, sampling cuts, 
and human error, unless one current 
series of experiments in France bears 
fruit. This involves use of a “memory” 
so the tape is not punched until the de- 
sired conditions are reached. But the 
development of the servomechanism and 
computers for military purposes in the 
last 20 years has brought electronic 
equipment that is reliable, as well as the 
bases for computing a control tape with- 
out making a first piece. Tape-controlled 
machines, using a punched tape are now 
under development. One numerically con- 
trolled milling machine (MIT) already 
in use is accurate to % thousandth inch. 
An experimental tape-controlled lathe of 
several years ago was accurate to 1/5 
thousandth in diameter, and operated 
through a decade voltage divider. A gear 
shaper, controlled by dots projected from 
a 16-mm. movie film, is making non-cir- 
cular gears, extremely difficult to produce 
by any other means. And one machine 
(NACA) has made jet turbine blades 
and other complex forms under control 
of punched cards worked out on a mili- 
tary-type computer. This is very ad- 
vanced, utilizing the “fourth differences 
between successive coordinates” fed into 
integrators that set the work into position. 

Basically, tape or card control is in the 
near future for machine tools, but is 
easier to apply to punch presses, cutting 
torches, and the like, where tolerances 
are not so close and motions are simpler. 
Three tapes (metal) control a press brake 
for forming wing skins at Douglas, a 





MAKE “JACK-OF-ALL-TRADE” TOOLS 


Obsolete! 


174 different end mills —. in di- 
ameters varying from 4” to 5” 
— with 2, 3, 4 or 6 flutes — and 
straight or taper shank — make 
Nelco the line with the widest 
selection of standard sizes! 

On every application, every ma- 
terial — there’s a specific Nelco 
end mill in stock designed to do 
the job — and do it better, 
quicker and at less cost than it’s 
ever been done before! Here are 
the facts to prove this astonish- 
ing statement: 

Specific rake angles are engi- 
neered for each individual tool 
to guarantee maximum perform- 
ance and life! 


Selection of the hardest practical 
grade of carbide for each end 
mill makes available from sock 
the most efficient tool to do your 


—_— job! 

ll Nelco End Mills are spiral 
fluted for easier chip clearance, 
finer finish and superior tool per- 
formance. 

All taper shank end mills are 
available with detachable tang 
for interchangeable draw bar or 
tang drive use. 


Eliminate “jack-of-all-trade”’ 
tools! Select a Nelco End 
Mill from stock, engi- 
meered to save hours and 
make dollars for you! Call 
the Nelco distributor in 
your vicinity and send 
today for your free copy 

of the new 48-page 
Nelco catalog. 


NELCO TOOL COMPANY, INC., MANCHESTER, CONNECTICUT 
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CUT TOOLING COSTS .. . SPEED PRODUCTION 
with fast, accurate, efficient 


MAX-WELL MADE 


Boring and Recessing 


E-Z SET 


MASTUR 


MASTUR BORING TOOLS 

Three sizes. 3-Position boring 
bor. Maximum boring bar capaci- 
ties of 42”, %” and 1”. Boring 
range from %” to 15”. Adjustable 
to 0.0002-inch. Morse or B&S 
shanks. 


E-Z SET BORING TOOLS 


Three sizes. 3-Position boring 


bar. Maximum boring bar capac- 
ities of 4%”, 1” and 1%”. Bor- 


ing range from %” to 20”. 
Adjustable to 0.0002-inch. Inter- 
changeable shanks. 


Write for Literature 
on Maxwell Boring Tools, 
Recessing Tools, 
Boring Bors and Cutters 


1150 MC 


JF RECESSING TOOLS 


i. , 


For use with jig or fixture on aut or 

feed machines. Precision grooving, necking, un- 
dercutting, inaccessible spot facing. Five sizes to 
pilot into 1” to 2%” drill bushings. Accurate to 
within + 0,001-inch. Interchangeable shanks. 





DB RECESS-0-MATIC 


Designed especially for use on multiple spindle 
automatics for all precision internal forming opera- 
tions. Three sizes. Maxi pacities 2”, 3” and 
4”. Recessing stroke range from %" to 4”. 





R RECESSING TOOLS 


Precision built for sustained + ing, grooving 


and backfacing operations. Quickly adaptable to 
any manual feed machine. Four sizes for %” to 
4” holes. 





THE MAXWELL 
COMPANY 


421 BROADWAY * BEDFORD, OHIO 











From the American Machinist Library 


of Tips for Top Shop Men 


N invisible boss presides over every collective 


bargaining session. He is not labor, manage- 


ment, or government—but is the customer, who 


exercises power of selection over your company’s 


products. 











punched motion-picture film controls a 
riveter at Convair. And the Jacquard 
loom, which started it all 150 years ago, 
still goes right on making rugs and 
tapestries. 


DESIGN CHANGES 


Among design changes that might be 
mentioned are the application of hard- 
ened and ground ways on lathes and sim- 
ilar machines, of plastic ways on planers 
and boring mills, of preloaded bearings 
and anti-friction bearings on spindles. 
Materials are no longer simple, but 
selected exactly for particular service 
conditions. Units have individual motors 
—often a motor for each movement—in- 
corporate devices for preselection of the 
next speed or feed, for rapid speed or 
feed change while the machine is oper- 
ating, and the like. Multiple tooling, mul- 
tiple spindling, duplicated fixtures or ta- 
bles, drum or dial feeds, rapid approach 
and return, and many other ideas have 
been applied to reduce the time a costly 
machine tool used to “cut air.” 


CARBIDES 


Introduction of sintered tungsten carbide 
about 25 years ago signalled a revolution 
in machining practice. It took some time 
for the idea of the new cutting material 
to catch on, and longer for machines 
with enough power and speed to use it 
effectively to be produced, so it was really 
not until World War II that it came into 
its own. But, with it, it is now possible 
to machine at many times greater feeds 
and speeds than formerly, with longer 
tool life and better finishes. Paradoxi- 
cally, this has also led to more efficient 
use of the older cutting material, high- 
speed steel, and to development of super 
alloys that do some jobs better than either 
of the other materials. Basically, in the 
last, ten years or so, we have learned 
more about the geometry of cutting 
tools, the structure of work materials, the 
judicious use of coolants, and the attain- 
ment of optimum feeds and speeds than 
in all the previous history of metal cut- 
ting. Thus the cutting of metals is now as 
much a science as it is an art. 


NEW CUTTING PROCESSES 


Such processes as trepanning (boring out 
a central core) and gun drilling have 
been revivified and tremendously ex- 
panded in recent years, but utterly new . 
cutting processes are also being applied. 
These include: 

Electrolytic grinding—Electrical dis- 
charge breaks down a hard material like 
carbide so a grinding wheel can remove 
it much more easily. Result: Six times as 
fast, wheel wear as low as 1% of former 
methods. 

Electrical-discharge machining (also 
formerly called “arc machining,” “spark 
machining,” etc.). An electrical discharge 
under an electrolyte breaks down any 
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hard meta! and cuts it away. The “cutting 
tool” can be brass. Result: Intricate 
shapes can be cut in carbides or highly 
alloyed hardened (or hard) steels or 
other conductors, shapes which could 
either not be cut economically or not at 
all before. 

Abrasive blast—An abrasive, entrained 
in an air stream, is jetted at high speed 
against the piece to be cut. Developed 
for dentistry, this process can cut ceram- 
ics and brittle hard materials. 

Abrasive belt—Once only a polishing 
method, the past 15 years have converted 
this process to a status competitive with 
grinding for parts like electric-iron sole 
plates to compound-curved shapes such 
as wing skins for jet planes, turbine 
buckets, etc. 

Electro machining—Two types, one 
like the old business of etching designs 
on glass or steel, which removes unwanted 
metal by acid etching; the other like the 
process of making electrotype plates, 
which puts metal where it is wanted by 
electro-deposition. The first can cut very 
thin slots or holes in very fragile or soft 
thin metals; the second can “put metal 
around the holes” of a very complex- 
holed piece. Acid or alkali etching is 
now being used on complex aircraft parts, 
under the name of “chemical milling.” 

Ultrasonics—The master, of soft metal 
to any desired shape, is vibrated at ultra- 
sonic speed (19,000 to 29,000 cycles per 
second) and small amplitude (0.001 in.) 
over the work, with a slurry of boron 
carbide (hardest man-made material) 
and water. between. The much-harder 
workpiece simply breaks down under the 
punishment. Carbides, jewels, glass, stone, 
quartz, etc, can be cut rapidly, and any 
desired shape attained, even a corkscrew 
hole, depending on the shape of the 
master. 


CUTTING FLUIDS 
While not strictly a part of machine 
tools, it has been discovered that cutting 
fluids are so important to their optimum 
function that much research has been 
done on this subject in the past five years. 
As a result, in addit‘on to the familiar 


Walker Does Tt Agatu- 


Model 836 Universal Vacuum Chuck 


The evolution of a satisfied Walker customer: 
|. Problem submitted to Walker technicians (75 
years’ leadership in special designs for chucks). 


2. Theoretical research and discussion. (Walker 
engineers are scientifically trained and are spe- 
cialists). 

3. Practical working models. (Walker engineers 
and shop men make actual to scale working 
models.) Here is where the application of true 
scientific principles is utilized. 


4. Customer proposal based upon years of ex- 
perience and a combination of engineering study 
and practicability. 

5. Conclusion: Another Satisfied Walker Cus- 
tomer. 


ACTION-—RESULTS—SATISFACTION 


CHUCKS: Rectangular, Swiveling, Rotary, Vacuum, Special Types @ 
Demagnetizers @ Planer Parallels 


o.s. WALKER Co. Inc. 


WORCESTER 6, MASSACHUSETTS 
Oncginal Designers and Guclders of WWagnetic Chucks 

















From the American Machinist Library 
of Tips for Top Shop Men 


E MAN enough to stand up and fight for what 
you say and believe—or don’t say it. If you’re 
afraid of the boss, making remarks behind his back 


won’t give you confidence. 














Does 5 Operations with- 
out removing cutter from 
its ARBOR! 


On cutters up to 8” in diameter, 
the No. 6 fixture, as shown with 


our No. 


6A heavy-duty, right- 


angle, ballbearing spindle workhead: § 
Sharpens side teeth on both sides. 


Sharpens peripheral teeth. 
Generates small or 
on both corners of each tooth. 
(Other workheads available) 


large radii 


4@ UNIT IA 
This Universal Cutter 
Grinding Fixture fits any 
universal tool or surface 
grinder. 


Radial Grinding Attach- 
ment D — with 
1A 


Unit 
end mil 
conical, 


or sharpening 
Is with 
or ball 


square, 
nose 


shapes. w 


7 

UNIT 4A 

Radial Grinding Fixture 
for sharpening fluted end 
mills with square, conical, 
or ball-nose mills. The 
index disc provides for 
multi-flute cutters. 


ROCHELEAU 


& THESE DEPENDABLE GRINDING FIX- 
TURES SAVE THE LIFE OF YOUR CUTTERS. 
Write for our catalog 602 





er 


a 

NEW FINE-ADJUSTMENT SLID- 
ING SWIVEL GIVES SMOOTH, 
PRECISE INDICATOR SETTING. 
Smooth, positive positioning of 
finest dial indicator is readily 
accomplished by the fine-adjust- 
ment Sliding Swivel. Final precise 
positioning is accurately made 
by slight movement of conven- 
ient lever “‘A”’. 

WRITE FOR: 

SLIDING SWIVEL FOLDER 





OOL & DIE CO. 


650 North Main St., Leominster ||, Mass. 











From the American Machinist Library 
of Tips for Top Shop Men 


LAVERY was not abolished by Lincoln. He did 
end physical slavery, but man himself must end 
mental slavery to habit. Education will help, but the 


real problem is to breed a race of open-minded, in- 


quiring men who welcome the chance to wonder, to 


question and to analyze—then to take a chance on 


a new idea that looks sound. 











cutting oils and soluble oils, we have a 
series of additives for water. Water is the 
best heat remover, and is therefore the 
best coolant at high speeds. But some- 
thing must be added to it to prevent 
corrosion of the work, to make it wet 
the work better, and to avoid dermatitis. 
This is the function performed by the 
additives. Some work is also being done 
with liquid CO, jetted on the work. It 
has thus far been expensive, but has 
worked out excellently in machining 
hardened pieces and in working the 
harder alloys which cannot be machined 
otherwise except by grinding. It is also 
of value where chips if not oxidized by 
burning have considerable market value, 
as in the case of expensive materials like 
titanium. Other cutting fluids are now in 
the experimental stage and have found 
limited applications—one is wax to in- 
crease the lubricating quality of a con- 
ventional fluid; another is molybdenum 
disulphide, which is being tried both wet 
and as a dry coating, and the third are 
dry coatings of indium compounds. 
There are also newly developed ways 
of applying cutting fluids, in addition to 
the familiar flood application. Fluids 
are now being applied by high-pressure 
jet directed at the point between the work 
and tool under the chip. In mist, or 
spray, cooling, the cutting fluid is applied 
as an aerosol—mist cooling by radiation 
is much faster than the normal conduc- 
tion, and on some jobs has proved 50% 
more efficient, particularly in tapping. 
Another form of application is so-called 
foam cooling in which a kitchen-faucet 
aerator is applied to the coolant nozzle 
so the coolant emerges as a foam which 
clings to the work rather than splashes. 
These latter processes will be particularly 
important, together with possibly such a 
simple solution as an air jet, as higher 
and higher rotational speeds are achieved. 
Some new milling machines, for example, 
are capable of speeds up to around 15,000 
rpm. They are used on non-ferrous mate- 
rials with helical cutters, and cooling 
is important in achieving high finishes. 


SPECIAL MACHINES 


Both extremely large machine tools for 
the aircraft program and associated equip- 
ment, and some large special machine 
tools, have been built recently. For ex- 
ample, one new spar mill has a bed 308 ft 
long and has six conventional heads and 
two twist heads. A new skin mill has a 
table built to carry 40-ft wing skins. A 
boring machine for a jet stator housing 
uses 55 carbide tools at about 600 hy to 
do a former $1200 operation for 90¢. It 
condenses a 20-acre plant into 20 sq ft. 
It costs % million dollars, but replaces 
$52 million worth of equipment. 


AUTOMATION 
1S JUST THE FIRST STEP 


Much has been made recently of “auto- 
mation,” a word invented by Ford Motor 
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Co. six years ago to mean automatic feed- 
ing and ejecting auxiliaries for equipment, 
but now a byword meaning about the 
same as the phrase “automatic factory.” 
Automatic and transfer machines, inter- 
locked production lines, and even mate- 
rials handling are lumped and publicized 
under this convenient label, with the 
result that many production men are 
thoroughly sick of it. Many are con- 
scious that in such industries as drugs, 
chemicals, food, and soap, the automatic 
factory (well, almost) has been a reality 
for years, so why all the current fuss? 

But automation and mechanical mate- 
rials handling are merely the first step 
towards the ultimate in a modern produc- 
tion system. The second step is now being 
taken—to inspect the product continu- 
ously and automatically to control or reg- 
ulate the machine to correct any varia- 
tion from the desired norm. Machine 
tools with built-in inspection devices to 
signal a tolerance or size violation, to 
remove the piece when a desired dimen- 
sion is reached, or even to stop the ma- 
chine when some dimension goes out of 
tolerance, are already a reality. But we 
should have by year-end machine tools 
that will go beyond this to make a cor- 
rection without stopping—that will com- 
pensate for tool or wheel wear, that will 
even decide whether to make a change 
when a variation occurs. 

This last point needs amplification. One 
piece may have an incorrect dimension, 
as a result of hard or soft spots or some 
other factor; the next one, if no change 
were made, may again be to size. Thus, if 
the machine corrects itself for each varia- 
tion, it might soon be “hunting”—chang- 
ing dimensions as fast as a cat changes 
position on hot bricks. It is thus advisable 
to provide some sort of “brain” that sees 
a trend toward faulty dimensions and 
corrects for that, not for the single case. 
The simplest form for such a device 
would be something that “forgets” a single 


PLENTY OF 
CHOICE 
SEATS 
LEFT 





“Awright! Who's the wise guy?” 





e Completely Self-Contained Motor Driven Units 
e No Set-Up Time — No Special Equipment 
e Just Plug Into Nearest Electric Outlet 


20’’ MODEL: 18 quick-feed changes, 114” 


Especially designed for fast, precision 
to 52”, or 3” to 108” 


Cycle Milling and Indexing—Contin- 
uous Face Milling—Cam Milling— 
Other special purpose jobs that require 
an Automatic Revolving Fixture. An 
exceptional time and labor saver! 


42'' MODEL: Infinite variable feed. Table 
can be increased to 72” with sub- 
plates. 


[f= ATTACH ITO COMPANY LETTERHEAD Ef 


W. B. KNIGHT MACHINERY CO. 
I] 3920 W. Pine Bivd,, St. Louis 8, Mo. 


} Send information on Power-Feed Rotary Tables 


Wak Coupon 
For Srochure 


W. B. KNIGHT MACHINERY CO. CO Also send details on Knight Milling Machines 
3920 WEST PINE BLVD., ST.LOUIS 8, MO. 3 am ee oe oe oe ee ee es ns a es 2 











From the American Machinist Library 
of Tips for Top Shop Men 


NLY two of your possessions increase in value 


proportionally with price inflation. One is time, 
the other knowledge. You can employ both produc- 
tively to build security, or squander them. 
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@ Motorized and Belt Driven surface Grinder 
Spindles — 1 to 3 h.p. 


SEAL OF For dependability - 
CONFIDENCE — 
moe WHITNON 
HEAVY DUTY PRECISION 
SPINDLES 


® Replacement Spindles for most internal, ex- 
ternal and cutter grinders. 


® Spindles for high speed Drilling, Milling and 
Boring. 


@ Special applications for precision revolving 
machinery. 


be confident—count on 


THE WHITNON MANUFACTURING COMPANY 


217 HIGH STREET MK” NEW BRITAIN, CONN. 


BAPAC Me Me MOM: 























PRESS to tap, gauge 
or assemble — PULL to 
reverse. Thousands of 
these compact friction 
drive machines are finding 
new uses. Reverses 40% 
faster. If you hit a hard 
spot, driving friction slips 
to warn you to back up, 
clean away the chips, and 
make a new start. 


For complete details—> Above 5/16” bench stvle TAPPER with 
t 


~ 4 hp. nm fohde) mi elebeatel lt: 
v ASK FOR BULLETIN T. M. 2 hown. Other sizes av 
lurmn or pedestal r ) 





71 


52 


ICKERT < >SHAFER CO. 


SWEST lith STREE' ’ " ERIE, PENNSYLVANIA, U.S.A. 





variation outside a central tolerance zone 
(closer than specified so even the varia- 
tion is still within tolerances) but takes 
positive action when the second, or third, 
occurs in a row. 

There are three more steps toward the 
modern production system. They are: 

“Systems engineering” — develop- 
ment of systems for putting control in- 
formation into a machine, either from 
outside data or from operations of the 
machine itself. One step in this direction 
is tape and punch-card control—where a 
formula can be converted into a work- 
piece without a drawing first. The MIT 
setup is the best current example, but a 
bulky one. 

2. Methods of data handling. There’s 
too much paper work, too much over- 
head, in production. We must “automate” 
this too. Visualize the production man 
carrying a badge with identifying letters, 
projections, or what have you. He can 
punch a time clock with it, signalling a 
central record that he is at work, can use 
it with one for the job to signal central 
record that he is working on that job, and 
so on. No timekeepers, no departmental 
production control—a central robot and 
memory system soaks up all the data and 
feeds back whatever information is 
needed at any time. This, with automatic 
calculating equipment, makes it possible 
to give costs up to the minute on any 
job, and so on. It also permits .. . 

3.. Mechanized management. Tremen- 
dous amounts of conference and paper- 
work time can be cut out, and manage- 
ment can devote its time to error detec- 
tion and correction, development, and 
improvement. Records will be available 
constantly and instantly on anything—the 
body will still be breathing when manage- 
ment gets to the scene of a business acci- 
dent instead of three days dead. 

Automation itself still has a long way 
to go. We are just seeing the beginnings 
of its application to setups in smaller 
companies and departments and to job- 
lot production. This is a tremendous 
future field. We are also hearing such 
words as “Fleximation” to mean automa- 
tion with flexibility to take design and 
product changes. This concept envisions 
production lines in which tooling may be 
changed very quickly to suit another size 
or another product. Such tooling would 
be in blocks or gangs that are simply set 
in the place of the preceding ones. All 
elements are preset in the toolroom, so 
no adjusting is necessary. Also there 
might be a “jump line,” running parallel 
to the main one, for some other product 
or for special sizes. Labor could be 
diverted to this line during a shutdown 
for change, tool grinding or tool failure 
on the main line. The key point is to keep 
today’s very expensive labor grinding out 
parts. It is now estimated that it is 
economical to install a machine tool for 
use only a week a month or so, leaving 
it tooled up for one job and setting idle 
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CLEVELAND yp ee 


Reamers + Drills + Ccunterbcres Special J v0 


These superior tools retain a sharp edge under high tempera- 
tures and have excellent resistance to abrasion. Additional 
tool life and economy result from the use of the best hard- 

ened high speed steel bodies. 


THE CLEVELAND TWIST DRILL CO. 


1242 East 49th Street Cleveland 14, Ohio 
Stockrooms: New York 7 * Detroit 2 + Chicago 6 * Dallas 2 San Francisco 5 * Los Angeles 58 
£. P. Barrus, Lid., London W. 3, England 
Request your copy of 
this descriptive new 
booklet on CLEVELAND 
Carbide Tipped Tools 


TELEPHONE YOUR INDUSTRIAL SUPPLY DISTRIBUTOR 








" That make the 
pfits.. WHEELS GO ‘ROUND 


RUBBER-CUSHIONED BRIGHTBOY WHEELS are going ’round and ‘round — 
gaining wider and wider acceptance — among a rapidly increasing number of 
industrial users, Read’ these reasons why: 


Burring, Finishing, Cleaning, 
Polishing, In One Operation— 


Time savings frequently as much as 50%! 


* Greater Variety of Grain- 
and-Texture Combinations 


Now available, this greater choice provides 
rubber-cushioned abrasives especially 
“matched” to your finishing requirements — 


faster, finer work. 


Unbelievable Working-Action 
and Adaptability 


Brightboy’s simultaneous abrasive-and-rubber action is not 
only a revelation in finishing but goes far beyond other me- 
thods in versatility and adaptability. It brings an entirely new 
and refreshing concept to finishing a wider range of metals. 





TRY A TEST! 


Get all the facts on Brightboy rubber- 
cushioned finishing from your dealer. 


Ask him for Brightboy literature. j 
Write us if he cannot “De : * i 
supply you; get our a r. ) : e 


advice on any prob- 


lem where finishing eae ; 
is involved, : ; Brightboy 
3 now available in 
either Aluminum 
Oxide or Silicon 
Carbide Grain 


and—Each of these texture 
combinations comes in grain sizes 
{/so made in a full ranging all the way from extra 
coarse to extra fine, in soft, firm 
and tough rubber binders. 











range o} accessory 
products: wheels, sticks, rods and blocks for 
machine and manual operations. 








BRIGHTBOY INDUSTRIAL DIVISION 
WELDON ROBERTS RUBBER CO. 
95 North 13th Street * Newark 7, N. J. 





America’s Pioneer Manufacturer of Rubber-Bonded Adhesives 
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tather than spending the labor time to 
set it up each time the job is run. This is 
in sharp contrast to 25 years ago when 
labor was cheap, well qualified and plen- 
tiful, and machines represented the 
costly investment. 

Fleximation is an important concept 
for another reason. The fully automatic 
setup tends to be rigid to turn out a stand- 
ardized product. It is conceivable that 
in some instances the alert small plant 
can change design almost at will and thus 
steal the market from its low-cost, but 
rigid, automated competitor.—E£JT 


AMERICAN CIVILIZATON— 
OR LACK OF IT 


A Swiss economist, Wm. E. Rappard, 
recently said that American prosperity is 
based on four factors: mass markets, sci- 
entific research, high productivity, and 
the spirit of competition. This is, of 
course, an oversimplification, but it is 
interesting to use as a basis for analysis. 
Let’s start with scientific research. 
From $1 billion in 1941, this has tripled 
to $3 billion in 1953—and we're still 
only beginning to make full use of its 
earlier products, the alloys, plastics, syn- 
thetic cloths, and the like. We have spent 
more on research than any other nation 
ever has. There are those who will say 
that we had it to spend. That’s true, but 
we have spent it for research, while earlier 
civilizations frittered it away on a few 
people and on art, architecture, or culture 
that didn’t benefit more than those few. 
Mass market? Yes—our current total 
of 160 million people is climbing at 2 
million a year. But China and India are 
far larger “markets” in terms of people. 
But those people do not buy, because 
they have nothing with which to buy. 
Most of the people are poor because they 
cling to hard hand manufacture. Our 


“Now turn lever five to position ‘S’ . . .” 





The Severance Chatterless Countersink is Engj- 
neered for today’s fast production schedules. It 
will give you what you’ve always wanted in a 
countersink— 


CHATTERLESS ACTION 
SMOOTH SEATS 
FAST CUTTING 


LONG SERVICE 


Take advantage of last minute developments in 
countersink design— 

Save Time and Money! 

Order Directly From This Ad. 





Sav C, 
Tye : 
ae 
ioney 


ORDER 
DIRECTLY 


FROM 
THis a> |i SD 
aSD 


ky f’ = 


TOOL INDUSTRIES INC. 
726 IOWA AVENUE, SAGINAW, MICHIGAN 
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INCREASE PRODUCTION—LOWER COSTS 
ON YOUR PRESENT EQUIPMENT 


Ulustrated above are a group of Jergens Live Roller 
Bearing Bushings with and without adapters designed 
to bring machine tools up to competitive levels. The 
Live Bushings illustrated above replace the bronze 
bearings in the column supports of various sizes and 
makes of Boring Mills. Utilizing two sets of absolutely 
sealed, adjustable, precision topered roller bearings— 
these Jergens Live Bushings insure such constont zigidity 
and high precision that they permit the use of corbide 
tools to their full capacity giving heavier cuts at higher 
speeds with greater precision and longer tool life. 

The liners of Jergens Live Bushings rotote with the 
bars preventing scoring ond wearing of expensive 
boring bars. Every Jergens Live Bushing is made to the 
maximum bar capacity of the boring mill and can be 
easily “bushed-down” for precision adaption to any 
smaller size bar or combination of bars. 


PERFORMANCE 
FEATURES 


© Provides absolute seal against coolants, grit and dust 

e Greater overall length increases accuracy and 
bushing life 

@ Needle Bearings fill applications requiring closer 
center distances 

e Bearings can be taken apart without removing 
housing 

@ Cartridge-type bearing holder provides greater 
accuracy 

@ Protects against thrust loads as well as radial 

e Tapered bearings can be adjusted to comp te 
for wear 

e Adaptable to receive removable slip bushings, keys 
or keywoys 





Write for Complete Catalog 


J. G. JERGENS C0. 


Division of Donley Products, Inc. 
Dept. AM-10 


ADVANCE 


ROTARY TABLE 


CROSS-SLIDE 


SAVE up to 1 98 Hours or More 


set-up and machining time* 


on Stamping Dies, Cams, Tem- 
plates, Forging Dies, Patterns, Die 
Cast Dies, Rubber molds, Tools, 
Plastic molds, Jigs, Gauges. Fix- 
tures, Models, Experimental work, 
Boring and Grinding jobs, Short- 
run production! 





FITS MOST 
STANDARD VERTICAL 
MILLING MACHINES 











“Proved by our customers! Hours saved 
in comparison with time needed to do job 
on standard vertical milling machines not 
equipped with table. 


WRITE FOR SPECIFICATIONS and literature showing typical jobs. 


ADVANCE PRODUCTS / BENTON HARBOR, MICHIGAN 











GOODRICH . . 


. Dividing Head 





FY 


RAPID ACTION 
FOR INDEXING 
2 to 10 Stop 


Used in Production, 
Layout Work and 
Checking. 


& Base and other ac- 
ies available. 





oe _—— Chucks, Tail Stock 
*o0..3° 





Goodrich Hydraulics 73... won. 











SPECIAL TOOLS 
H.S. & CARBIDE 


e Accurate Work 
e Fair Prices 

e Quick Delivery 
“Sur Cutters Cut” 





CUTTING TOOLS, INC. 
} 134 Seymour Street, Stratford, Connecticut 


11106 Avon Ave. - Cleveland 5, Ohie 
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work week is far less than theirs already, 
our labor rates far higher, so they can 
undersell us in world markets. But even 
when they do, the money does not get 
back to aid the mass of people. 

We worked only 41 hours a week in 
1953, are expected to work only 35 hours 
in 1970. What’s more, only 65 million 
people are working here now, and that 
will increase only 17 million when our 
population reaches 200 million in 1970. 
The difference lies in the much-maligned 
productivity per manhour, now at 2.82, 
and expected to go to 4.15 by 1970. Our 
working force and labor hours go down, 
but our consumption rises steadily—be- 
cause higher productivity gives us lower 
prices in relation to our increasing in- 
comes. Everybody has the “luxuries” here. 

Competition, the last of W Rappard’s 
factors, is peculiarly American. We are 
the most competitive people in the world, 
now or at any time. And competition 
stimulates all three other factors—re- 
search to beat the other fellow, produc- 
tivity to win markets, mass buying to 
keep up with (or surpass) the Jones. 

W Rappard might have mentioned an- 
other potent factor—American adver- 
tising. Extravagant and expensive though 
it may be, it is the potent factor that stim- 
ulates the desire for more and better 
things. It is supported by the biggest 
budget ever seen for an educational de- 
vice, yet it is not administered by trained 
educators. Advertising creates demand 
and desire, and forces all the other 
factors to go along. It stimulates research 
and forward planning, it educates men 
after normal educational processes stop 
or are discarded. It even has been back 
of our cultural and social development, 
because it supports the TV, radio, news- 
paper and magazine that bring such devel- 
opment to us. 

To bring this all close to Metalwork- 
ing, consider one field alone—the rise in 
the use of the press. What do presses 
make? Most of them are producing three 
types of things, first, all kinds of gadgets 





precision motor driven spindles or work heads 


all units dy ically 


precision belt driven spindles or work heads 





all units dynamically balanced 


«+. and precision machine tool attachments 


INCORPORATE THESE 
STANDARD UNITS INTO YOUR 


‘SPECIAL MACHINE 


DESIGNS 


Shown here is only a part of STANDARD’S complete line of pre- 
cision spindles and attachments including Traverse, Slides, Feeds, 
Tables; manual, air or hydraulic. Before designing any special 
machines or equipment, it will pay you to consult STANDARD and 
see how versatile and adaptable their line is. Write for details today. 


Stetrdes STANDARD electrical tot co. 


MACHINE TOOLS 


2480 W. SIXTH ST. @ CINCINNATI 4 e@ onlio 
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A Boring Head 
That Won’t Face 
is NOT Complete 


CHANDLER-DUPLEX Does 
ALL IN SET-UP 


BORING 
FACING 
TURNING 
GROOVING 
UNDER. 
CUTTING 


The CHANDLER- 
DUPLEX Combined Boring and 
Facing Toolhead has many fea- 
tures not found in ordinary makes 
... Such as power feed for facing, 
longer slide travel, extremely fine 
adjustment, tee slot positioning of 
cutting bar, universal range and 


adaptability. 


BORING FACING TURNING 


CHANDLER-DUPLEX combines 
boring and facing — permits all 
these operations in one set-up. 
Built for efficiency, accuracy and 


; MODEL 
stamina, 4% 


Pees 


- 
A Model for 
Any Size | a 
Machine “2. 


GROOVING 


Write today 
for full details and 
Catalog on this combined : 
Boring and Facing Toolhead Lh 


CHANDLER TOOL CO. 


Muncie, Indiana 


SURFACE FINISHING 
HAND TOOLS? 


6 
a . 


IMPROVE YOUR OPERATIONS 
with the Model 206-A 


(a HL AVE 
Ned Of Be 

SURFACE FINISHING 
MACHINE 


Extremely versatile in service 
... this machine will perform 
any surface finishing opera- 
tion from rough glaze to highly 
colored mirror reflecting sur- 
face. Equipped for either mag- 
netic or mechanical holding 
fixtures . . . it will accommo- 
date either flat or contoured 
products. Work surface is 

38” wide; buffs range 

from 3” to 12” in 


LAIR Ae = 


MANUFACTURING CO., INC. Write 
EEE POBITE For Glazing om Polishing Operations for Details 
OLEAN, N. Y. 

















ill Duty 
- §6QUICK ACTION 
TOGGLE CLAMPS 


" Extra CLEARANCE 
Extra SPEED 


and now 
Extra 
SERVICE 


assured by the use of 


HARDENED PINS 
& BUSHINGS 
at all bearing points, in 


the popular C-100, CQ-1100, 
and CQ-800 series Toggle Clamps. 


Rugged construction —drop forgings, cas? 
steel and solid bor stock. 

Wolverine Toggle Clamps also 

ovailable in several types and 

sizes of Standard Action 

and Push Action Units. 


Write for Bulletin 


WOLVERINE TOOL CO. 


1488 E. WOODBRIDGE 
DETROIT 7, MICHIGAN 
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once of wood or cast iron; second, metal 
containers for things that we once bought 
by the pound or the dozen; third, parts of 
glass, plastic, or cardboard to replace 
metal where fractional savings can be 
made. Consider beer in cans or disposable 
bottles, as compared with the carefully 
guarded deposit bottles of 25 years ago. 
Consider cookies, candies, butter, cheese, 
meat, pies, tar, mastic—all once bought 
by weight or count, but now sold in 
containers. Or go a little more specialized 
and think of electrical appliances, busi- 
ness machines, garden tools. They were 
once rare and treasured objects. They 
were treated with care and well main- 
tained. Now they’re disposable, too. We 
don’t guard these things anymore—we 
beat ’°em to death, then buy new. So 
does the road-builder, the farmer, the 
construction man, the electrician and 
the plumber. They replace; they don’t 
bother to repair. 

This attitude creates tremendous mar- 
kets for every kind of product, consumer 
or industrial, makes mass production pos- 
sible and economical (and makes hand- 
made articles prohibitive in cost). We 
build short-life products of sheet metal 
and plastics at low prices, not long-life, 
costly ones of casting. This in turn makes 
for a big market for presses, machine 
tools, and special machinery to turn out 
lots of a particular product. Europe has 
nothing like it—their machines must in 
general be general-purpose. Who in Eu- 
rope would think of a special machine 
to make 6-ft extension cords by the 
million? A man in Detroit is making one 
—or has it made. Why? Because it will 
cut the price to perhaps 20% of what it 
is now—not to 90%, which used to be 
a worthwhile saving. 

We are flooding the market with low- 
cost goods made by mass-production 
methods, and that is swelling our demand 
for plants. Our available worker force 
is comparatively small and very expen- 


“He asked for it this time. He hollered 
out, ‘Hey, throw me a hammer!’ Seven 
men heard him!“ 





HORTON 
builds in qi 


to make l\s T 


The true economic measure of a chuck 
is not how long it lasts, but how long it 
stays accurate. 

Horton Chucks maintain their accuracy 
LONGER because they are designed 
and built right from the start. 

Let your HORTON distributor demon- 
strate how HORTON’s accuracy is built- 
in to last longer. 


AORTOAN 
4 Since #4 57 & 


NEES 
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ae 
Exclusive pilot hole 
construction for pre- 
cision alignment and 
chip protection. 


*Flame hardened jaw 
ways for maintained 
accuracy. 


Chrome nickel steel 
scroll hardened to 
Rockwell “‘C’’ 40-45 
for lasting precision. 


== 
One-piece body con- 
struction to protect 
the precision of all 
moving parts. 


Replaceable pinion 
bushings to insure 
pinion and scroll 
accuracy. 

*at only slight extra cost 


eS 
Z WINDSOR LOCKS, CONN, 








REDUCE YOUR COST 
OF RADIAL HOLE DRILLING! 


A Standard Machine 
Designed for Variety Production 


Why build a special machine for drilling radial holes when 
a standard machine equipped with Govro-Nelson Automatic 
Drilling Units will, in many cases, perform the work of a 
special machine that would cost considerably more! 


Any number of drilling units up to eight may be employed, 
the units being movable not only through 360 degrees on the 
circular table but also movable endwise on riser plates to meet 
the requirements of the part being drilled. 


The machine may also be used for tapping operations with 
Govro-Nelson Tapping Units. It has a range of 1/32” to 
3/8” on drilling operations and 0-80 to 3/8-16 on tapping 
operations, depending on material and spindle speeds. A single, 
momentary contact start-button causes all units to operate 
simultaneously. 


If you are interested in reducing the cost of your radial drilling 


; ; : - ‘ : WRITE FOR 
and tapping operations, write for price and dimensional data. 


Lileraiure 


GOVRO-NELSON CO. 


Machinists of Precision Parts for 31 Years 
1933 ANTOINETTE DETROIT 8, MICH. 














55% of U. S. machine tools are 
10 or more years old 


In 1953, 55% of the 1,941,612 machine tools 
TUNGSTEN CARBIDE used in metalworking plants were 10 or more 


T0Q ¢ LS ee years old. How old are your machine tools? 
TOOLS - ——— 


DYKEM 
Willey’s—The COMPLETE LINE S T E F L B a U E ? 
of cutting tools — made com- Steps | OAS04- — 


plete in our own factories. Hun- so Rene 
8-oz. can fitted ith 
dreds of standard sizes always CARBIDE TUNGSTEN making Dies and Qe» Bakelite cap holding 


in stock. ‘ 
Templates aiyine right at ke. 


: surface ready for = 
SPECIAL TOOLS RRMA TUG’ layout in a few minutes. 2 
SS) The da dark blue background 
Excellent service on special tools FS makes the scribed lines 
built to your specifications. Send \ | Es po pe they, : 
us your prints. You will receive ( = 4 Greases efficiency and = 
prompt acknowledgement, quo- TIPPED ¥ : —— accuracy. 


tation and delivery date. Santis 














THE DYKEM COMPANY 
23018 North 11th St. © St. Lovis 6, Mo. = 


WRITE 
FOR 
CATALOG 





NG Te EN 
CARBIDE ROUTER Bits 


le tube on rom your pup 
THE DYKEM CO., 2301 BNORTH 11TH ST., ST. LOUIS 6, MOQ. 
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sive, sO we use machines instead of 
people. 

As people, we have so many material 
things, so many gadgets, that the rest of 
the world is disbelieving or envious. We, 
meanwhile, develop an increasingly in- 
satiable appetite for more and more 
“luxury” things. We'll go into hock if 
necessary to get ’em, too. Whoever heard 
of small-income families spending a 
quarter of their income for personally : at tl 
owned transportation, half that for TV ae Ne. 92" 
and radio and sports and other enter- ; ee 
tainment—or whatever? Our whole econ- ad : —— ; ae 
omy is unlike any that has preceded it, 
in that our material wants and desires 
guide all our social and moral thinking. 

But, paradoxically, our appetite for 
knowledge of other peoples and earlier 
times exceeds that of any previous civili- 
zation. So does our actual knowledge of 
them. And we throw that knowledge, in 
sensational fashion, to everybody, rich 
and poor. For the first time in history, 


we're trying to make everybody smart Destaco Toggle Clamps offer extreme flexi- 
and rich. And back of it all is the amaz- bility in fixture design, being adaptable to your work-holding 
ing productivity of the machine. It makes problems In every field of mass production. Whether you're 
men mightier than the gods the ancients drilling, reaming, milling, bonding, welding or assembling, you 
believed in—and gives them more time get more production, fewer rejects and lower tooling costs 
to enjoy the sensation. We’ve got mightier when you specify Destaco fast acting toggle clamps. 
structures than Egypt, more luxury than Destaco clamps are precision made, with reamed bearing 
Ch:na, more art than Greece, more mili- holes and hardened pins; series 210, 220, 228 and 240 now 
tary might than Rome, more knowledge have full length hardened bushings, for years a feature of our 
than Persia—more culture than the whole heavier models. Eliminating elongated holes and sloppy action, 
kit and kaboodle—and we don’t know, Destaco gives you precision alignment and smooth, fast, 
really, what to do with it. powerful action—from the first part to the last. Fool-proof, posi- 
Let’s not be too lyrical, though—there tive locking and release—no cams—and friction-relieving offsets 
are lots of things we haven't done yet. in handles and links. Cold drawn solid bars, forged portable 
Remember: clamp jaws and handles. Many accessories for adapting to vary- 
“They said it couldn’t be done ing fixtures and production. Pressures up to 4000 pounds. 
If he was worried, he hid it— 
He started in, with a smile and a grin, Call our stocking representative listed below for assistance with your tooling 
Took the thing that ‘couldn’t be done’— problem or ask for 36-page catalog describing over 45 models. 


~ iT 
And HE COULDN'T DO IT EITHER Dixie ie go Co. Northern poe ng eS Co. PE ag sy ge 
—EJT 930 N. 6th Avenue 2001 Washington Ave. S. 907 W. Wagner 
Birmingham 4 Minneapolis | Philadelphia 41 


ARIZONA MISSOURI TENNESSEE 
Norman S. Wright & Co. Ertist Machinery Co Mr. Ralph Landrum 
2628 E. Washington 1606 Oak Street — 1107 Granada 
Phoenix Kansas City 4 Nashville 6 
1 H. ©. Monahan Lewis Supply Co. 
Norm ee 8 ws Co. 1007 Yale Avenue 477 $. Main Street 
625 N. Alvarado Street St. Louis 17 Memphis 2 
Los Angeles 26 TEXAS 
an S$. Wright & Co. NEW YORK 
78 Solesm” Street Acme-Dannenian Co., Inc Tool PR a We -.. Ge. 
San Francisco 10 203 La Street Dallas 
GEORGIA a aa 
Root-Neal Co. WASHINGTON 
’ A 64 Peabedy Street s s 7 igh 
Atlanta 3 Buffalo 20 





Fink Tool Co. 
ILLINOIS 801 Meigs Street Norman S. Wright & Co. 
George A. Rieke Co. Rochester 20 233 Ninth Avenue, North 
549 W. Washington Street M. 1. Kelly Supply Co. Seattle 9 
Chicago 6 323 E. Water Street 














Woodworkers’ Tool Works, tne. Syracuse I eer ee on. 
Jefferson Street plex Supp 
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items concerning shaping 
and cutting of metals 

by pressure or impact— 
including extrusion and 
forging, casting of 
metals, and the molding of 
various plastic materials 
ore included here 


Pressworking, moldinc 


@ PRESSWORKING 


Drawing 

Forming and bending 
Form rolling 

Hydraulic presses 
Materials handling 
Automation 

Special materials 
Pressworking — general 


PRESS TOOLS 


‘Draw dies 
Plastic dies 
Dies of other material 
Dies for special materials 
Press tools — general 


BRAKES AND SHEARS 
SPINNING 
FORGING 


EXTRUDING 


Hot extrusion 
Cold extrusion 


MOLDING AND CASTING 
Casting 





PRESSWORKING 
Drawing 


Ironing increases load on bottom of 
shell and reduces the depth to which 
it can be drawn in one operation. 
Reduction in diameter of blank should 
be 5% less than when free drawing. 
AM—Aug 31, °53, p97 


To obtain accurate dimensions and 
smooth finish on drawn shells, use 
stock one or two gage numbers heavier 
than the wall of the finished shell. Die 
clearance must be reduced to obtain 
ironing effect, so diameter reduction 
cannot be as great. Dies must be some- 
what stronger and should be operated 
in slower presses. AM—June 7 ’54, 
p134 


How many draws are needed to pro- 
duce a shell from a given blank? 
Here are two methods for computing 
them. AM—Sept 28 °53, p126 


Deformation of metal is dependent 
upon crystalline structure and the slip 
planes of the atoms in the crystals. 
An understanding of the principles 
involved is important in Metalwork- 
ing. AM—Sept 28 ’53, p139 


Certain areas of blanks must be an- 
nealed to prevent tearing in press. 
This is done at Ford by an induction- 
annealing unit which treats only spe- 
cific areas. AM—Oct 12 ’53, p163 


To prevent stock from shifting under 
punch when drawing panels with one 
end open, a piece of scrap stock is 
loaded next to the open end of each 
blank to equalize load under pressure 
pad and punch. Scrap piece is drawn 
and discarded. AM—Dec 7 ’53, p141 


Grommets are formed in sheet stock 
by simple die setup, and are cheaper 


than inserted grommet. Three steps 
are: pierce undersize hole, draw col- 
lar, complete grommet by forcing 
stock back on itself. See illustration 
under Tooling. AM—Dec 7 °53, p142 


Wide-flanged shells can be drawn 
without difficulty if certain rules are 
followed. The depth and position of 
the draw in the sheet are factors to 
be considered, and each job must be 
considered on its own merits. AM— 
Jan 4 °54, p100 


Reverse drawing of shells offers a 
method of obtaining greater reduc- 
tion. For example, if a given shell can 
be reduced 20% by ordinary methods, 
you can get up to 25% reduction by 
turning it inside out in a reverse 
drawing die. Particular advantages are 
that the metal in the walls is subject 
to less strain and thins less, and it is 
almost impossible to form wrinkles. 
AM—Mar 15 ’°54, p134 


Methods of drawing tapered shells are 
different from those employed in 
straight-sided shells. The amount of 
taper, the depth-to-diameter ratio, and 
the stock thickness, all have a definite 
effect. In some cases, even shallow 
shells must first be drawn to a straight- 
walled or stepped form in a pre- 
liminary operation. AM—April 26 
54, pll4 


Drawing tapered shells is a highly 
specialized operation requiring special 
care in die design and careful layout 
of the preliminary shell to provide 
just enough metal to make the finished 
part. Too much metal will cause the 
shell to wrinkle; too little causes 
breakage during the stretching opera- 
tion. AM—May 10 ’54, p168 
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Drawing of cartridge cases from 70:30 
brass with a 70% reduction of blank 
diameter, and reduction in ironing of 
30% at the bottom and 50% at the 
top are regularly performed with car- 
bide dies and  chromium-plated 
punches. AM—July 5 °54, p126 


Cold drawing of 70:30 cartridge brass 
is being performed with reductions to 
70% of the blank diameter, and re- 
duction in ironing of 30% at the bot- 
tom and 50% at the top. This is much 
higher than theoretically practical, but 
is done successfully with carbide dies 
and chrome-plated punches. AM— 
Suly 5 °54, p126 


Old rule that limited cold drawing of 
steel to the ratio of 3:1; that is, fin- 
ished shell should be no longer than 
three times the blank dia, has given 
place to progress. Special material 
rOw permits draw ratios of seven or 
eight to one. Steel is medium com- 
mercial grade, somewhat better than 
automobile fender stock, but with 
lower carbon content. AM—July 5 
*54, p127 


When shells are to be thicker at bot- 
tom than on sides, usual practice is to 
draw to approximate finished size, 
then reduce wall thickness by ironing. 
If metal is very soft and ductile, shells 
may be reduced in both diameter and 
wall thickness by turning them inside 
out during redrawing and ironing. AM 
—July 5 °54, p128 


Cupping or drawing operations in 
brass can be performed at speeds as 
high as 75 fpm. Redrawing or ironing 
may be done at 35 to 70 fpm, depend- 
ing on amount of elongation of side 
walls. Steel should not be cupped or 
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drawn above 55 fpm nor ironed at 
higher than 20 fpm. Ironing must be 
done slowly and at uniform speed to 
allow the metal to flow and adjust it- 
self to its new position. Otherwise, the 
metal may tear, or a straight, smooth 
surface will not be produced. AM— 
July 5 °54, p128 
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DOUBLE-ACTING PRESSURE PAD provides 
extra pressure on the blank to prevent shift- 
ing, and gives formed part additional thrust 
to eject it into air-ejection blast. Work 
dimensions can be held within + 0.001 in. 
Push rod and pressure pad are connected 
by a bronze brazing-rod “dutchman" which 
can be drilled out without damaging the 
steel parts. AM—Jan 4 '54, plI7 


Severe cold working, as during iron- 
ing, strain hardens metals. To avoid 
brittleness, heat treat brass not higher 
than 1150 F to obtain these grain 
sizes: After cupping and first redraw, 
0.060 to 0.030 mm; after intermediate 
redraws, 0.055 to 0.070 mm; for final 
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redraw, 0.030 to 0.045 mm. Time at 
heat may range from 10 to 30 min, 
depending on size and wall thickness 
of shell and type and capacity of fur- 
nace. AM—July 5 °54, p128 


Open ends of shells can be necked 
down from 8 to 17%, depending on 
wall thickness, diameter, drawing an- 
gle, and ductility. Severe cold working 
occurs, so annealing of the necked 
portion is frequently necessary to 
prevent cracking. Heating of the un- 
strained lower portion of the shell 
must be avoided to prevent undue 
softening and a tendency to buckle. 
AM—July 19 °54, p130 


Thyratron regulator controls for mo- 
tors on drawing presses permit rapid 
accelerations and most efficient oper- 
ating cycle. System has increased pro- 
duction of automobile roofs by 25% 
and has reduced rejects. Similar sys- 
tem can also be employed on feeders 
and conveyors in a press line, tending 
toward complete automation. E—Dec 
53, pl54 


Forming & bending 


Special machine designed by Ford 
(England) receives heated bars from 
furnace, forms complex bend in two 
planes, and quenches work. Loading 
and unloading are manual, but bend- 
ing and quenching cycle are automatic. 
M—May 8 ’54, p772 


STEEL STRIP is cold-formed into an L, then 
edge-bent into a helix and cut off by a 
flying shear on a special Kane & Roach 
machine. Used as cooling fins on a refrig- 
erator compressor, the long arm of the L is 
thinned by pressure to improve heat transfer. 
Machine is fed by two power reels—one 
indexes 180° into feed position when the 
other is empty. AM—May !0 '54, p/58 


D2 


ROTATING BENDING 
FORM 


DRAW BENDING of aluminum tube and 
hollow and solid sections is performed by 
rotating the clamp and bending form to- 
gether while a pressure die restrains the 
free end. This die may be fixed or movable, 
depending on type and thickness of material. 
Because thin-wall tube tends to flatten, a 
supporting mandrel is necessary. The only 
metal being formed at a given instant is 
that section just beginning to follow the 
curve, so mandrel inserted at point of bend 
will prevent excessive flattening. Flattening 
from 2 to 5% will occur as a result of 
stretching immediately after metal passes 
mandrel. AM—May 24 ‘54, pl38 


In determining method for bending 
aluminum pipe and tube, consider 
wall thickness, degree of bend, type 
of alloy, whether mandrel must be 
used, quantity required, and accept- 
able end product. Remember that 
ratio of time and tool cost increases 
rapidly when working to precision 
standards. Use draw bending for thin- 
walled tube, especially when bending 
to a close radius. Cold working will 
increase sectional strength, even 
though bending is quite severe. AM— 
May 24 °54, p139 


Ram bending is oldest and simplest 
method of bending aluminum tube 
and shapes. Work is placed between 
two rigid supports, and force is ap- 
plied at the center by a hydraulic 
ram. Process has definite limitations, 
is best applied to heavier sections 
where supporting mandrels are not 
needed. General field is in mainte- 
nance, repair, and construction work. 
Considerable flattening may occur in 
thin-wall work unless it is filled with 
sand, salt, melted rosin or low-melting 
alloy. Forming shoe on ram must be 
machined to desired contour to be 


bent. Lower dies ere similarly formed . 


and are free to swivel on pins. AM— 
May 24 ’54, p140 


For light manufacturing, manually wp- 
erated benders for aluminum tubing 
and shapes are available. For heavier 
work, self-contained hydraulic bend- 
ers are available, operated by a hand 
pump. Both types simulate the opera- 
tion of the larger power benders. AM 
—May 24 ’S4, pl4l 


STaTionary 
BENDING 
FORM 


COMPRESSION BENDING of aluminum 
tubing and bar is performed by wiping the 
work into a groove in the stationary bending 
form by means of a wiper shoe rotating 
around it. Process is employed where less 
wall thinning is desired, and finds greatest 
use for bends of not less than three times 
stock diameter. Clamps are not usually 
necessary unless bend is made to a close 
radius. Mandrels are not commonly em- 
ployed, as they complicate mounting and 
work loading. Neutral axis of work is near 
center of work after compression bending, 
lies within inner third of cross-section after 
draw bending. AM—May 24 ‘54, p139 


Stretch bending involves gripping the 
work between two clamps and pulling 
on each end to cause the aluminum 
tube or other section to wrap itself 
over the stationary die or form. The 
material is pulled beyond its elastic 
limit to eliminate residual stresses that 
might cause it to assume its original 
form when tension is released. The 
metal is elongated in all sections, and 
wall thickness is reduced, but greater 
uniformity results. Plastic range is 
narrowed but ultimate strength is in- 
creased by the cold working. AM— 
May 24 ’54, p141 


Progressive ram bending can be a 
high-production operation, especially 
where many bends in different planes 
are made in a single length of tubing. 
Work many be done on a number of 
presses in line, but this involves much 
work handling. A special ram press 
is available for making numerous 
bends quickly and efficiently, as its 
Open structure permits easy movement 
on work in horizontal and _ vertical 
planes. AM—May 24 °54, p141 


Sucessful bending of aluminum tubing 
and shapes depends to a great extent 
on the precisicn of the dies. High 
polish, cleanliness, and freedom from 
surface defects are important. Other 
important factor ix in the design and 
application of the mandrels. AM— 
May 24 °54, p142 


Annealed tantalum and columbium 
wire can be bent 180° with virtually 
no radius, and coils can be formed 
around a mandrel of the wire thick- 
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ness. To prevent galling or scoring, 
aluminum-bronze tools and guides 
work best, but conventional methods 
and tools are adequate. AM—April 
12 °54, p196 


Bends are made in stainless steel 
tubing with walls as thin as 0.0175 in. 
in a modified Pines machine at Boeing. 
Tubing is sized in a die to correct 
tolerance and insure perfect bends. 
Tolerance must not exceed 0.030 in. 
in 500 ft. Formerly, bends were made 
by forming half-tubes with a drop- 
hammer, then welding together. New 
method saves $14,000 per plane. AM 
—Mar 29 ’54, p143 


Pre-stressed hot forming of aircraft 
skin is performed at North American 
by clamping the sheet between dies 
and placing it in an oven. Tempera- 
ture is raised just enough to lower the 
yield strength to cause permanent set. 
AM—July 5 °54, p138 


Largest stretch press in the US is to be 
installed at Northrop. It will accom- 
modate aluminum sheet up to 14 x 
20 ft and has a rated stretching force 
of 750 tons. Press will be able to 
stretch form stock 3 ft wide and 4% 
in. thick, twice the normal capacity 
of current presses. AM—July 5 °54, 
p169 
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ROLL BENDING of aluminum shapes and 
tubes is highly flexible process but is com- 
paratively slew. Sometimes several passes 
must be made to produce required bend. 
Hydraulic mechanism permits making initial 
bend for easy starting, and allows rolling of 
helical coils with tangents on one or both 
ends. AM—May 24 '54, p139 


HYDRAULIC BENDING press for aluminum 
tubing operates in same manner as a ram 
bender but is faster and more flexible. Tube 
is placed in wing-type dies which open and 
rotate as ram descends. Dashpots maintain 
constant torque to prevent flattening and 
distortion. Ram die is made slightly under 
tube size to provide pinching action and 
prevent formation of wrinkles in inner bend 
radius. AM—May 24 ‘54, p/4! 


Metal stretching is first step in stretch 
forming. Aluminum is stretched slight- 
ly beyond yield point, and forming 
takes place in the plastic range be- 
tween this point and ultimate strength. 
Forming below yield point leads to 
improperly formed sections and ex- 
cessive springback; above ultimate 
strength leads to cracks, breaks, or 
complete rupture. Stretching serves 
only to straighten or level the work. 
AM—lJuly 19 °54, p134 


Stretch-wrap forming involves stretch- 
ing the aluminum and adding a sta- 
tionary die around which it can be 
wrapped by pivoting the holding 
chucks. Hydraulic stretching cylinders 
must retract as forming progresses, yet 
maintain the required tension. Dwell 
at end of forming cycle, or sudden in- 
creased forming pressure sets the 
form, reducing springback and, in 
most alloys, provides added toughness 
and hardness. Work hardening may 
require multiple heat treatment and 
special handling for high-strength al- 
loys. AM—July 19 °54, p134 


Stretch-wrap variation has die mount- 
ed on turntable. One end of work is 
clamped in chuck on turntable, the 
other in a cylinder-mounted chuck. 
Tension is applied and the table re- 
volved, wrapping the metal around 
the die to form co‘'ls or rings. AM— 
July 19 °54, p135 


Radial-draw and rotary forming are 
similar operations in which aluminum 
is held between a stationary chuck on 
a rotary table and a movable chuck. 
As the table revolves, the die mounted 
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on the table is forced into the work. 
AM—July 19 °54, p134 


Stretch-wipe forming of alurninum is 
similar to rotary forming, but with the 
addition of an auxiliary ram that 
mounts a wiper block to force the 
stretched metal to assume the contour 
of the die at the point of bend. Action 
usually takes place in a horizontal 
plane; if it also confines vertically, it 
becomes a stretch-compression opera- 
tion. AM—July 19 °54, p134 


Tangent bending is, in effect, a wrap- 
around operation. A crowning die 
holds the work against a contoured die 
while the metal is bent around the die 
by the pivoting action of one or more 
hydraulically actuated arms that wipe 
it to shape. AM—July 19 °54, p135 


Contour-forming of aluminum ean be 
performed by forcing a movabie die 
into the stretched metal. Process has 
basic differences from stretch-wrap 
forming, yet involves many of the 
same conditions. If desired, the oper- 
ation can be combined with a wrap- 
ping operation of the holding jaws. 
AM—July 19 °54, p135 


Compression-forming of aluminum in- 
volves chucking the work on one end 
only. As the die rotates on the turn- 
table, a ram compresses the metal into 
the contoured surface of the die. Some 
stretch may be created by the wiping 
action of the pressure shoe. AM—July 
19 °54, p135 


Stator shells for fractional-hp motors 
are rolled into circular form on special 
Berry press at British Thomson-Hous- 
ton plant. Shell is assembled on core- 
lamination stack, folded over in an- 
other press, and welded. M—June 26 
°54, p1109 


Form rolling 


Valve stems are straightened, heads 
are squared, and stem taper reduced 
to a minimum by use of a thread 
roller at Ford. Operation eliminates 
stem grinding. AM—Oct 12 °53, p134 


Fillets on Ford front-wheel spindles 
are rolled on two-spindle double-end 
rolling machines instead of being 
ground. Better service life and easier 
machining result. AM—Oct 12 “22> 
p145 
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New process cold-rolls teeth for gears 
and splines in steel blanks and is 
claimed to out-produce two eight- 
spindle rotary hobbers in forming 
splines for rear axle shafts. Principles 
of the process have not been revealed, 
but it involves a centerless rolling op- 
eration with the accuracy of the blank 
determining the accuracy of the fin- 
ished part. Developed by Ben Grob 
Corp, Detroit, the process can also be 
applied to some bronzes, as well as 
gear and tool steels. AM—June 21 
°54, p169 


Splines, oil grooves, serrations, and 
similar shapes are rolled on shafts 
with new Michigan Tool Co’s Roto- 
Flo machine. Finish of 3 to 6 mu in. 
can be obtained, and accuracy held 
within 0.0008 in. measured over pins. 
Teeth can be formed right up to a 
shoulder, and no clearance groove is 
required. Hydraulic cylinder pulls 
lower forming rack, and change gears 
actuate upper rack in opposite direc- 
tion. Floor-to-floor time for many 
parts is about 10 sec. AM—June 21 
*54, p2, 180 


Hydraulic presses 


Characteristic of the hydraulic press 
is the uniform pressure throughout 
the working stroke. If an overlead 
develops, press will stall without harm. 
There is no linkage to break, and dies 
will not be damaged. These factors 
affect your original investment and 
maintenance costs. With a mechanical 
press, maximum pressure occurs only 
at bottom of stroke. This means that, 


to obtain desired pressure at some 
other portion of stroke, as well as to 
have a factor of safety, you may have 
to specify a more powerful press. In 
some cases where a 300-ton crank 
press would be specified, you can 
safely specify a 200-ton hydraulic 
press. AM—Mar 29 ’54, p116 


Setup time on hydraulic presses is less 
than on mechanical presses because 
stroke and pressure adjustments can 
be made in a few minutes, You can 
duplicate settings established when the 
job was run previously. This saves 
time and material. Furthermore, scrap 
cost and production time for small 
lots are reduced. Stroke, timing, and 
pressure are more easily matched to 
job requirements, so you may get a 
faster production rate than on a me- 
chanical press. AM—Mar 29 °54, 
p16 


Hydraulic presses are not intended to 
compete with high-speed crank presses 
or dieing machines, but in its proper 
field the hydraulic press is not slow. 
Modern presses in the intermediate 
and larger sizes are as fast or faster 
than mechanical presses, in terms of 
strokes per minute. AM—Mar 29 ’54, 
p116 


Hydraulic press dies can be designed 
on the basis of tonnage required for 
the particular job, rather than the 
total tonnage of the press. Kirksite, 
plastic, or impregnated wood dies can 
often serve because there is no danger 
of a smashup; if preset tonnage is ex- 
ceeded because of double feed or an 


HORIZONTAL, double-end, Clearing hydraulic press works at both ends of the stroke. so 
time is not lost during long return strokes. AM—Mid-Nov ’53, pD4 


D4 


extra-thick blank, the press will stop. 
Shock on dies is reduced because ram 
speed is reduced to pressing speed 
before contact is made with the work. 
AM—Mar 29 °54, p117 


Rod or column type of hydraulic press 
is commonly used when accessibility 
from all four sides is important, a 
wide variety of jobs must be run, or 
when low investment is a considera- 
tion. They are much used for work 
with rubber pads and hard punches, 
but are not generally recommended 
when high production rates or extreme 
accuracy of guiding are required. AM 
—Mar 29 ’54, p118 


Side-housing types of hydraulic 
presses are best suited and most 
popular for high-speed production 
work where high accuracy of guiding 
is needed. They are used for forming 
and deep drawing in closed dies, and 
may be single-, double-, or triple- 
action types. 4M—Mar 29 ’54, p118 


Side-plate hydraulic presses are com- 
monly employed where medium ac- 
curacy is required and where the 
stroke is not too long. They are satis- 
factory where the daylight is not too 
great, because there is a tendency for 
the side plates to bend unless heavily 
ribbed. This type is more economical 
to build because it has no columns. 
Typical uses are for straightening 
castings and other miscellaneous work. 
AM—Mar 29 ’54, p119 


Band-type hydraulic presses feature a 
closed loop of heavy section as the 
principal frame component. They are 
made in single-action types only, be- 
cause they are intended for short- 
stroke, high-tonnage work, such as 
coining and embossing. Upstroke 
models are made for such work as die 
hubbing. AM—Mar 29 ’54, p119 


Front and back plate hydraulic presses 
are generally low-cost, low-tonnage 
types with the dies accessible from 
all four sides. They serve for drawing, 
forming, bending, coining, etc, and 
are built in single-action style, or 
singk: action with hydro-pneumatic 
die cushion for deep drawing, and for 
normal high-speed operation. AM— 
Mar 29 ’54, p119 


Gap-frame hydraulic presses are gen- 
erally used for purposes other than 
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metal forming—straightening, bend- 
ing, crimping, and the like. However, 
C-frame presses are built specially for 
forming and trimming. Advantage of 
this type is that long work can be put 
into the press from the front without 
interference from columns or hous- 
ings. AM—Mar 29 ’54, p120 


Single-action hydraulic presses have 
only one moving platen or slide mem- 
ber. They can, however, be equipped 
with a hydro-pneumatic cushion in 
the bed to provide blankholder pres- 
sure for deep drawing. AM—Mar 29 
54, p120 


Double-action hydraulic presses exert 
pressure on the platen or slide carry- 
ing the punch, while another set of 
rams exerts pressure on a separate 
platen or slide carrying the blank- 
holder rings on the same side of the 
work. Most common type is the side- 
housing model with an inside slide 
for the punch and an outside slide for 
the blankholder. A cushion in the 
bed may be used to clamp the sheet 
against the punch, or as a blank- 
holder on small work to avoid bridg- 
ing in the blankholder ring. AM— 
Mar 29 °54, p120 


Double-platen types of double-action 
hydraulic presses (usually of the col- 
umn type) have two platens, one above 
the other. Upper one supplies pressure 
to the blankholder, lower one handles 
the punch. Punch platen is operated 
by a central ram passing through a 
hole in the ram platen. The latter is 
actuated by four rams near the 
corners. A variant of this type has 
the blankholder platen below the 
punch platen. This limits the size of 
punch, which has to be fastened to 
the moving platen through a hole in 
the clamping platen. AM—Mar 29 
54, p121 


Triple action can be obtained on some 
double-action hydraulic presses by an 
upward-acting cylinder and platen in 
the bed. Such cylinders can be ar- 
ranged to act as blankholders. For 
triple action, hydraulic pressure is sup- 
plied to the cushion cylinder to force 
its slide upward. This method is used 
to make a reverse draw in the bottom 
of the work after the upper rams have 
performed the main draw. Cushion 
may also serve as a high-pressure 
ejector. A4M—Mar 29, °54, p121 


Materials handling 


Scrap stock from blanking press is 
ejected through chutes into basement 
at Ford plant. Small presses are port- 
able to permit rapid layout changes. 
AM—Oct 12 ’53, p158 


Automatic press loaders increase pro- 
duction 300% over manual loading. 
Loader’s 120° index table and offset- 
flanged motor permit die-set mount- 
ing at optimum dead center ram posi- 
tion. Interlock prevents ram from 
descending until index is locked. AM 
—Nov 23 ’53, p105 


Scrap from presses is cleared away 
rapidly by chuting it directly from 
the machines into an underground 
May-Fran conveyor. Cutouts drop 
from presses into trucks that are 
dumped into same conveyor at load- 
ing points farther along. AM—Dec 
21 °53, p103 


Blanking and forming presses at GE 
Appliance Park are set up at edges 
of press area to simplify scrap dis- 
posal. Machines are served by Rapi- 
stan belt conveyors that can be set up 
and shifted around to suit flow from 
press to press. AM—Dec 21 °S3, 
p103. 


Supply of steel sheet is fed to press 
shop along roller conveyor from Dex- 
ter unit. Limit switches control flow. 
Manual handling is thus avoided. AM 
—Dec 21 °53, p103 


Rotors and stators are produced in a 
three-press setup in which the maga- 
zine-fed first press pierces holes and 
slots in the 6-in. blank and feeds the 
work to the back on to a 4-spindle 
stacking rack. Operator at second ma- 
chine feeds parts to compound die that 
completes stators and cuts out rotors. 
Stator is ejected to tote pan; rotor 
sticks to punch, from which it is 
stripped to a conveyor that carries it 
to the magazine of the third press for 
the trimming operation. AM—May 
10 °54, p160 


Automation 


Artillery shells are forged, heat treat- 
ed. welded and painted in automatic 
setup at Rockford Ordnance plant. A 
prime example of automation applied 
to munitions production. BW—Sept 
26 °53, p68 
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Punch presses are arranged in a circle 
and fed by spider that holds parts 
even during press strokes. After each 
operation, work is automatically eject- 
ed and moved to the next press. One 
man controls the entire setup which 
replaces a conventional line with one 
man at each press. AM—Oct 12 ’S3, 


Simple automation device on trim- 
press catches work at correct position 
in press. After stroke, device retracts 
and allows work to slide down ramp 
onto belt conveyor for transit to next 
machine. AM—Oct 12 °53, p152 


Large dieing machine at Ford pro- 
duces headlamp cases 1500% faster 
than was possible with a line of single- 
station presses. Automatic transfer of 
stock from station to station has re- 
duced scrap, improved quality and 
reduced safety hazards. Only two 
operators are required. AM—Mid- 
Nov ’53, pD3 


Special materials 


Stainless steel, % in. thick is punched 
on a Bliss press at GE. Operation is 
forming slots in a gas-turbine nozzle 
ring. AM—Aug 3 °53, p2 


To avoid trouble and excessive break- 
age, do not draw shells to a depth 
greater than 2/3 to 3/4 of their dia. 
Do not reduce steel or tinplate blanks 
more than 45% of their dia, brass and 
copper 45%, aluminum 40%, and zinc 
35%. AM—Aug 31, ’53, p96 


Wrinkles in hydropressed aluminum 
parts are avoided by installing an 
over-press cover plate. AM—Sept 14 
°53, p190 


Sintered-iron cams are pressed with 
carbide die barrels to avoid galling 
and creation of ridges on work. 
Punches are ground on cam grinders, 
using master cams developed for 
grinding steel cams. Laps for die bar- 
rels are made on same machines. AM 
—Nov 23 °53, p124 


Drawing and piercing of vinyl-coated 
sheet offers little difficulty, but it can- 
not be worked cold, so must be heated 
if plant has cooled off over weekend. 
Piercing should be done with steel 
side up, so slight burrs can be bur- 
nished into vinyl. Extra clearances are 


D5 








AM production nuggets . . . PRESSWORKING, MOLDING, CASTING 


required and must be worked out by 
trial and error. AM—Dec 7 °53, p152 


Pre-coated metal coil, red on one 
side, black or gold on the other, per- 
mits production of three colors of 
battery tops. Stock was originally slit 
from lithographed sheet, and produc- 
tion with two men was 40,000 per day. 
With Enamelstrip coated strip, produc- 
tion is 85,000 per day with one man. 
AM—Jan 4 54, p104 


Table I—Forming Temperatures for Magnesium 
Alloys 





Dowmetal 
Alloy 


FSI-O 
FSI-H24 
M-O 


Condition Working Temp. 
Range, F 





400-500 
275-300 max* 
550-650 
M-H24 Hard Rolled 400 max 


*300 F may be used if metal is at temperature 
15 min. or less. 














Dow Chemical Co. 
MAGNESIUM SHEET can be formed and 
drawn more easily than brass, aluminum, or 
ferrous metals if heated as shown. It is thus 
possible to perform in one draw what ordi- 


narily would require three draws, plus inter- 


PE—Feb ‘54, pl35 


mediate anneals 


In blanking magnesium, hold punch 
and die clearances to about 1%, as 
compared to 1/10 metal thickness for 
steel, because Mg shears differently 
from steel and appears to break about 
halfway through. Maximum sheet 
thickness should be held to % in. or 
less. PE—Feb °54, p135 


Magnesium alloys can be drawn hot 
to a depth of 1% to 2 times the 
minimum width of the part. From 
circular blanks, depth of draw can 
equal twice the dia of the drawn part. 
If dies are not made from Mg alloy, 
allowance must be made for the differ- 
ence in coefficient of expansion. PE 
—Feb ’54, p139 


Deep drawing in tantalum and colum- 
bium is better in thick stock than in 
thin. If the draw is to be only as deep 
as One dia, a single draw can be made. 
If two draws are needed, the first 
should be only 40 to 50% of the 
dia. Cones and domes are more diffi- 
cult to draw than straight-sided, flat- 
bottom cups. Aluminum-bronze dies 
and steel punches can be used if slip- 
page is not excessive. Lubricant should 
be sulfonated tallow or Johnson’s No. 
150 wax. AM—April 12 ’54, p194 


Dé 


Blanking of zirconium presents no 
difficulties. Characteristics are similar 
to those of aluminum, except for the 
higher loading required. In blanking 
0.1-in.-thick iodide zirconium, clean 
fractures were obtained with punch 
and die clearances of approx 0.001 
in. Flat-faced punches of standard die 
steel were suitable. AM—April 12 ’54, 
p201 


Zirconium sheet can be deep drawn, 
using electroplated copper or a com- 
mercially available adhesive cement 
for lubrication. AM—April 12 °54, 
p201 


Results obtained in blanking steel and 
titanium %-in. thick show little differ- 
ence in results obtained, but larger 
die clearance (about the same as for 
brass) is necessary for piercing. Force 
required to pierce a hole with a mov- 
ing punch is about 25% greater than 
the estimated shearing force obtained 
by the usual calculations. AM—June 
7 °54, p172 


Rigid vinyl plastic products, such as 
pipe and road signs, can be formed 
rapidly on a standard stamping press. 
Developed by B F Goodrich Co, the 
process involves a rapid conveyor belt 
which carries pre-heated plastic sheet 
through the press. No finishing is 
needed, and vinyl sheet up to % in. 
thick can be handled. AM—July 5 
"54, p97 


Pressworking . . general 


Proper utilization of the kinetic energy 
of a press flywheel permits heavy jobs 
to be performed on a relatively light 
press. Formula shows how to make 
calculations. AM—Aug 3 °53, p125 


Motorized ram adjuster saves time on 
setups, but motor capacity should be 
50% above anticipated requirements 
to overcome friction, plus the weight 
of the ram and punchholder. AM— 
Aug 31 °53, pl29 


Press tierods are not intended to 
permit overloading press, but to re- 
duce deflection under load and main- 
tain better punch and die alignment. 
Formula shows how to prevent over- 
stressing frame by excessive tighten- 
ing. AM—Sept 14 ’53, p162 


Correct tension for press tierods to 
avoid overloading can be applied by 
attaching gage rods to tiebars and 
measuring tierod elongation under 
load by shims or dial indicator. Table 
gives amount of elongation per ft/ton 
for various sizes of tierods. AM—Oct 
12 *53, p189 


Manual oiling of stock and objection- 
able oil deposits can be avoided by 
installing an oil-fog system on the 
stripper plate. On small laminations, 
1 pt of light oil is required per 8 hr, 
ventilation is not required, and oil 
clings only to moving parts. Stamp- 
ings have thin oil film on edges only. 
AM—Oct 12 °53, p186 


PRODUCTION of fine-pitch clock gears is automatic on this Dennison Multi-Unit press 
equipped with Dickerman hitch feed. Output is 6000 pieces per hr. AM—Mid-Nov ‘53, pD4 
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Bimetal element used in Ford oil gage 
was made in two operations on bench 
presses. By retooling for a multi-slide 
machine, the job is produced 500% 
faster with one operator, and item is 
completely finished. AM—Mid-Nov 
*53, pD4 


Press safety is insured at United Air 
Lines’ San Francisco maintenance 
base by Geiger tubes mounted on the 
press. These react to radioactive crys- 
tals in worker’s wristbands and will 
stop the press in mid-stroke if his 
hands stray into danger area. Machine 
will not start if the worker does not 
wear the safety wristbands. AW—Jan 
18 °54, p48 


Dieset “take-apart” cart made by add- 
ing a stationary plate to a standard 
elevating-table die truck permits die- 
maker to separate a dieset and move 
components to bench in less than half 
the time formerly needed by two men 
with conventional methods. Cart is 
also helpful for lining up small per- 
forating punches and die inserts in a 
dieset and for trying out small dies 
when tryout press is busy. See illustra- 
tion under Tooling. AM—Mar 1 ’54, 
p110 


DRAWN-BLANK TRIMMER is modified 
Dayton-Rogers unit with pneumatic hold- 
down. Blank can be rectangular or round. 
Cutter is solid 6-in. steel disk mounted on 
driving arbor; matches against shear ring 
inserted in wood or metal mandrel that 
supports and rotates with work. Machine 
trims off flanges and eliminates costly side- 
action dies. AM—Dec 7 '53, pl45 


a 


STOCK REMOVAL 


STOCK DIA ; 


ORIGINAL DESIGN 


STOCK DIA... 


PRESENT DESIGN 


PRESS-EMBOSSED TABS replace machined 
shoulders in making governor weights for 
Westinghouse motors. Original method was 
to turn from '/4-in. bar. This wasted mate- 
rial and machining time, gave undesirable 
weight variations. New method required 
Vg-in. stock only, and only machining is turn- 
ing neck at each end during cutoff. AM— 
Feb | ‘54, pl03 


Woodruff keys are made by Standard 
Horse Nail Co, New Brighton, Pa, by 
stamping from stainless sheet of exact 
thickness, followed by a minimum of 
grinding on the edges. Earlier method 
was to saw keys from half-round bar, 
then perform a long series of grinding 
operations to obtain exact thickness. 
New process slashes costs. AM—April 
26 °54, p149 


Air press is used to slap clutch disks 
to take out minor warp spots. Approxi- 
mately four slaps are delivered to each 
assembly. Press operates on 90- to 
100-psi shop line pressure and up- 
stroke is air cushioned to prevent 
damage. AM—June 21 °54, p132 


Coined stamping for oil-slinger ring 
replaces part sliced from bar and 
milled to produce depressions 0.040 
in. deep. In coining operation, depres- 
sions are held to a tolerance of plus 
0.010 in., minus 0.000 in. Shop cost 
was reduced from $6.30 to $2.54 per 
piece. AM—June 21 °54, p139 


Stamped aluminum plate was formerly 
bored, drilled, and contour profiled 
from “%-in. thick 24S-T4 aluminum. 
Change to stamping has reduced cost 





STEP GAGES on punchpress permit notching out rectangular hole larger than standard 


available die. 
for each stroke. AM—-Dec 7 ‘53, p!42 


Two rear and one side gage provide for locating and squaring the stock 
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50% and came about as part of 
Stratos’ process-improvement pro- 
gram. AM—June 21 °54, p139 


NOTCHES—or “ears’' are pulled on each 
corner of wave guides by tool-steel inserts 
in ear die on hand arbor press. Depth is 
half that of wave-guide wall. When quide 
is set in flange for induction brazing, ears 
rest on flange to hold it precisely in posi- 
tion. AM—Feb 15 ‘54, pl36 


PRESS TOOLS 


Draw dies 


Drawn shells have a definite termi- 
nology which must be understood by 
die designers before using the rules 
and formulas necessary in computing 
the operations and selecting the dies. 
AM—Aug 3 ’53, p110 


Accurate determination of blank size 
is essential when designing draw dies. 
Graphical method is simple and ac- 
curate and can be used to determine 
blank diameter of round shells when 
thickness remains constant and there 
are no bulges or necks. AM—aAug 17 
*53, p106 


How to design dies for drawing shal- 
low shells, including cutoff and draw- 
ing dies, compound-combination dies, 
and double-action dies. When and how 
to employ knockouts and air vents. 
AM—Sept 14 ’53, p164 


Redrawing dies may be single- or 
double-action, depending on the thick- 
ness of the material and the work 
diameter. Dies are simple, but the 
right kind of stripper is important, 
and the angle of die ring and collar 
must be correct. AM—Oct 26 ’°53, 
p120 
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DRAWING RADII FOR DIFFERENT 
THICKNESSES OF STOCK 
THICKNESS OF STOCK 
na - 
uss tn Min Max 


RADIUS OF DRAWING EDGE, IN 
wicaiepiemlt 





16 0.0598 1/4 3/8 
17 0.0538 1/4 3/8 
18 0.0478 1/4 3/8 
19 0.0418 3/16 5/16 
20 0.0359 3/16 5/16 
21 0.0329 3/16 5/16 
22 0.0299 3/16 5/16 
23 0.0269 3/16 9/32 
24 0.0239 3/16 9/32 
25 0.0209 3/16 9/32 
26 0.0179 $/32 1/4 
27 0.0164 5/32 1/4 
28 0.0149 5/32 1/4 
29 0.0135 5/32 1/4 





TO DRAW A SHELL to maximum depth in 
one operation, inside bottom radius should 
not be less than |/16 in. or four times metal 
thickness, whichever is greeter. AM—Aug 
31 "53, p% 

















SPECIAL STRIPPER aids removal of ironed 
shells which tend to stick to the punch. 
Piunger pushes the shell down '/, to '/> in. 
before stripping fingers engage. This pre- 
caution is often necessary when ironing thin- 
wall shells that have an uneven top edge. 
AM—June 7 ‘54, p!37 


Progressive dies reduce labor costs, 
and camplicated bends, forms, and 
small draws can be made by properly 
designed dies. Typical designs are 
shown. AM—Nov 23 ’53, p126 


FRectangular shells present certain 
problems not present in drawing 
cylindrical shells. Yet they can be 
drawn without difficulty, provided 
certain rules are carefully followed. 
Details of blank layout and die de- 
Sign are given. AM—Dec 7 °53, p156 


Spherical and oval shells are difficult 
to draw without wrinkles, but follow- 
ing a few rules and selecting the cor- 
rect design for the dies will solve 
most of the problems. AM—May 15 
54, pl148 


Draw dies, Flame-Plated with tungsten 
carbide by the Linde process, have 
shown a life increase from 40,000 to 
250,000 pieces at Ford. Application 
of the coating does not raise die 
temperature above 400 F, so there is 
no loss of physical properties in the 
die. AM—May 24 ’54, p161 


Plastic dies 


Production dies are being made by 
Boeing from epoxy resin plastic in 80 
to 86 hr, as against 250 hr for steel 
dies. Material bonds to metal, wood, 
glass, etc, without heat or pressure, 
can be filed easily, hardens in 8 hr, 
and reaches full strength in 48 hr or 
less. AM—Sept 14 °53, p105 


Dies for joggling can be made from 
epoxy-base resin in one-third the time 
required for steel dies. Material was 
deevloped by Boeing Airplane Co. AM 
—Oct 26 ’53, pl19 


Drop-hammer dies consisting of Kirk- 
site die and epoxy-faced punch, with 
a floating thermoplastic draw ring, 
have been used successfully at Lock- 
heed for forming 75S aluminum, 
quarter-hard stainless, and titanium. 
Parts are free from wrinkles and folds, 
saving speed hammer operations and 
extra anneals otherwise necessary be- 
cause of work hardening. AW—Mar 
1 °54, p40 


Drawing and stretch forming dies can 
be made from phenolic resin and are 
standard equipment at Lockheed. 
Material is hard and dimensionally 
stable. For stretch dies, material may 
be cast over wood, concrete, or 
phenolic-foam cores; concrete is 
cheapest, but heavy to handle. Form- 
ing dies can be made in 10% of the 
time and at 25% of the cost of steel 
dies. AW—Mar 1 ’54, p40 


Thermoplastic ethyl cellulose materials 
are applicable to press and drop-ham- 
mer dies, but should not be used for 
deep, sharp draws or hot work. Be- 
cause material is resilient, allowance 
does not have to be made for metal 


thickness. Punches and dies can be 
refaced in a matter of minutes by 
heating the face and reseating the 
other half of the tool. Preferred setup 
for dies is a thermoplastic die and 
phenolic punch; draw ring can be 
phenolic, epoxy, or metal. 4W—Mar 
1 °54, p42 


Stretch-forming dies at Convair are 
made with a foam plastic core (Rezo- 
lin Coreform), and faced with Rezolin 
tool plastic. Plaster cast of the work 
serves as the mold. Reinforcement is 
provided by structural scrap metal at- 
tached to base plate. Because impact 
resistance is low, sharp corners and 
edges are rounded. Local reinforce- 
ment at high-stress areas is provided 
by metal inserts or plates. AM—Mar 
15 °54, p123 


Joggle dies are made at Boeing by 
rough machining a steel punch and 
die and facing with a Boeing-devel- 
oped plastic, Dunnlew, capable of 
withstanding 36,000-psi _ pressure. 
Holes are drilled in the steel to create 
anchorage, and an unjoggled part is 
placed between the punch and die and 
set in a pouring box. Plastic is poured 
in and allowed to harden. Block is 
then machined to size, sawed down 
the middle, and the plastic faces radi- 
used. Finishing time is 35 hr instead 
of 100 needed for steel. To use, a 
shim is placed under the die on one 
side, over the punch on the other to 
create the needed offset for the jog- 
gle. AM—Mar 29 ’54, p139 


In the automotive industry, 20% of 
all dies, are plastic; this includes drop- 
hammer dies, draw dies, and hammer- 
form blocks, also stretch-form dies 
and blanking dies with metal cutting 
inserts. Present materials are phenolic, 
polyester, and epoxy resins, but better 
materials are sought. Advantages are 
accuracy, lightness, and low cost: AM 
—Mar 29 °54, p147 


Dies of other material 


Aircraft fuel tanks are formed to com- 
pound contour and free of wrinkles 
and tool marks by rubber punch 
hydraulically expanded against steel 
die. A}4d—Sept 14 ’53, p193 


Magnesium sheet can be formed hot 


by the rubber die process, using a 
special rubber capable of withstanding 
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a heat of 450 F. To avoid creep, the 
form blocks should be made from 
metal with a melting point above 1000 
F, Best method is to place sheet on 
block and heat both in oven, using 
insulation between block and press 
platen to prevent rapid chilling. Or 
blanks may be heated in oven, and 
blocks heated by conduction from 
heated platen. Latter method has the 
disadvantage of earlier breakdown of 
the rubber from the constant heat. 
PE—Feb °54, p138 


Ductile iron is proving an excellent 
material for the manufacture of dies 
for forming 20-mm brass cartridge 
cases. On some operations, die life 
is 18 times better than that of tool 
steel dies. Same material is used for 
crankshafts, slides and other highly 
stressed parts of presses. 4M—Dec 7 
53, p134 


Dies for special materials 


Dies for powder-metal parts pose un- 
usual problems, particularly where 
non-uniform sections are involved. 
AM—Sept 28 ’53, pi30 


Hot forming of magnesium sheet in 
solid dies can often be performed 
faster and better on mechanical 
presses with hydro-pneumatic or 
pneumatic cushions than on slow 
hydraulic presses. Avoid spring-loaded 
cushions, as springs soon lose temper 
through constant heating. PE—Feb 
54, p138 


Blanking and piercing are easy in tan- 
talum and columbium, but tools must 
be polished to prevent galling, scratch- 
ing and tearing. Final polishing should 
be in the direction of the draw. Punch 
and die clearance should be 6% of 
metal thickness, and a 1-to-1 light-oil- 
and-kerosene lubricant should be used. 
AM—April 12 ’54, p194 


Forming dies for tantalum and colum- 
bium can be steel, unless there is 
considerable slipping on the face of 
the punch or die, in which case alumi- 
num bronze makes good dies. A 1-to-1 
kerosene and light oil mixture should 
be used as a lubricant. For short runs, 
low-melting- point alloys, like Kirksite, 
are practicable. AM—April 12 ’54, 
p194 


Rule Die Set Up 
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1. Acrylic sheet not shown ~—will be between knockouts and Kraft paper 
2. Knockouts made of 3/16" thick sheet sponge rubber 
NoTes¢ > Rules 7/8"double bevel hardened standord stock 


4. Rule holder jig sowed to ey required. Use hardwood, 


Plywood, Micarta, or Hard 


osonite. 





5. Adjust to give even hit 
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Relief angle 
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4°-85° 





B-— from “A’to"B" 


Modified Shoemaker Die 


ACRYLIC PLASTIC can be cut by rule dies and blanking dies. 


If over 0.080 in. thick, mate- 


rial must be heated, but holes under '/g-in. can be cold punched in material up to |/ in. 
thick. After stamping, reheat to forming temperature to square edges and remove mark off. 
Material over '/4-in. should be cut with modified shoemaker dies. AM—Feb | '54, pii8 
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Press tools . . general 


Progressive dies made with fixed and 
movable sections permit making a 
series of different sizes of the same 
style of part. Dies also perform as 
many as 20 operations at once, giving 
closer tolerances and facilitating as- 
sembly. AM—Aug 3 °53, p123 


Standard pilot nuts permit easy re- 
moval of pilots from progressive dies 
without dismantling other parts. AM 
—Aug 3 °53, pl47 


Press operation is not necessarily con- 
fined to up and down action. Side 
cams make possible horizontal or 
angular motion on die components 
for piercing or forming. Sketches give 
typical examples and explain prin- 
ciples. AM—Aug 31 °53, p89 
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SLUG-DISPOSAL PROBLEM in many pierc- 
ing operations can be solved by hardened 
inserts mounted flush in die shoe with pas- 
sages to eject slugs from top front of shoe. 
Inserts are made in two pieces, assembled 
with dowels and capscrew. Troughs are 
ground and polished so slugs can slide 
freely. Inserts reduce number of holes 
through the bolster, which would tend to 
weaken it. AM—Mar 15 ‘54, pl63 


Sheet metal may be pierced and ex- 
truded in one step by emploing a 
punch of proper design. Approximate 
formulas are given for extrusions, but 
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TYeE WAITER KEYS 


TYPEWRITER DIE trims standard blanks into different shapes to make disks for bookkeeping 
machines. Operator presses keys in accordance with chart that indicates type of disk needed. 
These set stops that position blank at specific dies for trimming edges to required shape. 
Release bar returns keyboard to inactive position after last trim has been made. AM—May 10 


‘54, pl 63 


sTOCK 
THICKNESS 


SOFT 
STEEL 


STANDARD PUNCH AND DIE CLEARANCES 


MEDIUM 
STEEL 


HARD 
STEEL 


STEEL 


STAINLESS 


BRONZE BRASS COPPER 





0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.170 
0.180 
0.190 
0.200 
0.210 
0.220 
0.230 
0.240 
0.250 


0.0006 
0.0011 
0.0017 
0.0023 
0.0029 
0.0035 
«0041 
0.0047 
0.0052 
0.0058 
0.0064 
0.007 

0.0076 
0.0082 
0.0088 
0.0094 
0.010 

0.0105 
0.0111 
0.0117 
0.0123 
0.0129 
0.0135 
0.0141 
0.0147 


0.0006 
0.0012 
0.0018 
0.0025 
0.0031 
0.0037 
0.0043 
0.005 

0.0056 
0.0062 
0.0069 
0.0075 
0.0081 
0.0087 
0.0093 
0.010 

0.0106 
0.0112 
0.0118 
0.0125 
0.0131 
0.0137 
0.0143 
0.015 

0.0156 


0.0007 
0.0014 
0.0021 
0.0028 
0.0035 
0.0043 
0.005 

0.0057 
0.0064 
0.0071 
0.0078 
0.0085 
0.0093 
0.010 

0.0107 
0.0114 
0.0121 
0.0128 
0.0135 
0.0142 
0.015 

0.0157 
0.0164 
0.0171 
0.0178 


0.0008 


0.0016 


0.0024 
0.0032 
0.004 


0.0048 


0.0056 


0.0064 
0.0072 
0.008 

0.0088 
0.0096 
0.0104 
0.0112 
0.012 

0.0128 
0.0136 
0.0144 
0.0152 


0.016 
0.0168 
0.0176 
0.0184 
0.0192 
0.020 


0.0006 
0.0012 
0.0018 
0.0025 
0.0031 
0.0037 
0.0043 
0.005 

0.0056 
0.0062 
0.0069 
0.0075 
0.0081 
0.0087 
0.0093 
0.010 

0.0106 
0.0112 
0.0118 
0.0125 
0.0131 
0.0137 
0.0143 
0.015 

0.0156 


0.0005 
0.001 
0.0015 
0.002 
0.0025 
0.003 
0.0035 
0.004 
0.0045 
0.005 
0.0055 
0.006 
0.0065 
0.007 
0.0075 
0.008 
0.0085 
0.009 
0.0095 
0.010 
0.0105 
0.011 
0.0115 
0.012 
0.0125 


0.0005. 
0.0009 
0.0014 
0.0019 
0.0023 
0.0028 
0.0033 

0.0038 
0.0042 
0.0047 
0.0052 
0.0957 
0.0062 
0.0066 
0.0071 
0.0076 
0.008 

0.0085 
0.009 

0.0095 
0.010 

0.0104 
0.0109 
0.0114 
0.0119 0.0312 


0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.010 
0.011 
0.012 
0.0162 
0.0175 
0.0187 
0.020 
0.0212 
0.0225 
0.0237 
0.025 
0.0262 
0.0275 
0.0287 
0.030 





The values given in this table apply to over all clearances, or di t 
industry are in terms of gages or d 


2 I shick 








8. Stock thick are used by 
In either case, the clearance can be interpolated 


by reference to values tabulated above. For clearances “on a side,” divide the given values by 2. 
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actual punch dimensions must be 
determined in the toolroom. AM— 
Oct 12 °53, p195 


Parts which tend to stick in a die can 
be ejected by a knockout pin actu- 
ated by a flipper. AM—Oct 26 ’53, 
pl49 


Quick check for broken punches in 
multiple-punch dies can be made by 
dropping every 25th piece over nail- 
board. Small punches are represented 
by nails projecting through board. If 
work will not drop over board, oper- 
ator knows he must look for a broken 
punch. See illustration under Inspect- 
ing. AM—Dec 7 °53, p141 


Centerpunch die solves problem of 
locating large number of small holes 
in thick stock. Centerpunches replace 
piercing punches in dieset, so all holes 
are marked exactly and simutaneous- 
ly. Holes are drilled in drillpress, but 
no jig is required. AM—Dec 7 ’53, 
pl42 


Blanking dies may be used for acrylics, 
but tend to produce tapered holes and 
poor edges. They are usually more 
expensive than steel-rule dies, and it 
is often cheaper to drill or fly-cut 
round holes than to stamp them. AM 
—Feb 1 ’54, p118 


Trim dies for die castings, even in 
the most complicated contours, can be 
produced by electrical-discharge ma- 
chining at a fraction of the time and 
cost of making them in segments. AM 
—Mar 15 ’54, p145 


Stretch-forming dies made of rein- 
forced concrete (AM—Mid-Nov ’52, 
pA7) have not proved practicable for 
production because the corners chip 
from frequent handling. They are still 
used, however, for development work 
because of cheapness. Epoxy-resin 
dies are preferred because they are 
equally stable, easier to handle, don’t 
chip; but they are not so cheap to 
produce. AM—May 24 ’54, p161 


Auxiliary punches disposed at an an- 
gle in a die set can be operated by a 
plastic mass which provides equalized 
pressure and behaves somewhat like 
an incompressible fluid under the ac- 
tion of a plunger. System has been 
worked out by Soviet engineers. AM 
—June 21 °54, p126 
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Toper ~ topped joint 


PISTON, riding in cylinder formed in base of die, and operated by air, makes positive work 
ejector. As piston clears upper port, air blast from copper tube blows the part out of the 
die. Air intake is cam-operated from the press countershaft. Piston head is rounded to insure 
free fall when air is off, and rubber washer acts as shock absorber. AM—Feb | '54, pl24 
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COMBINATION PUNCH and die forms U-shaped parts between free-running, pivoted 
rollers. As punch descends farther, angled surfaces of punch bear against surfaces A, forcing 
rollers into work and bending work beyond perfect U shape to compensate for springback. 
Angle depends on size and kind of material being formed. AM—Nov 9 ‘53, p165 


BREAKS AND SHEARS 


For small shops and short runs, press- 
work costs can be reduced by mount- 
ing dies on a press brake. Several 
simple dies on the same brake can 
eliminate costly progressive dies. AM 
—Sept 14 °53, p124 


Press brakes can serve a double pur- 
pose by being fitted with tooling for 
punching, notching, blanking, draw- 
ing, and forming, and are often more 
economical than a press for short runs. 
Several dies can be installed on the 
same brake, permitting operators to 
pass work from one to another, and 
saving floor time. AM—Mid-Nov ’53, 
pD10 


Power brakes can produce important 
savings over hand brakes. One com- 
pany reported that in 20 weeks it had 


saved 187% of the cost of a power 
brake by changing from hand opera- 
tions. AM—Mid-Nov °53, pD12 


Old press brake, about to be scrapped, 
was salvaged for occasional jobs by 
mounting Wales-Strippit diesets for 
simple, multiple-hole piercing work. 
Punches can be interchanged for any 
hole dia and shape within size range 
of diesets, and any reasonable number 
of holes in a row can be punched. 
AM—Dec 7 °53, p141 


Installing hinged step gages on press 
brake permits making multiple bends 
by operators flipping up steps as stock 
is cycled through bending operations. 
AM—Dec 7 ’53, p144 


Advantage may be taken of the long 
bed of a press brake by permitting 
several operators to run bending jobs 


American Machinist « MID-NOVEMBER, 1954 


with similar bends, but different stops, 
at the same time. 4M—Dec 7 °S3, 
pl44 


Die sets originally designed for punch 
presses can be altered for press brake 
use by detaching the punch holder and 
using adapters to arrange shut heights 
suitable for working them in com- 
bination. Spacer bars permit manual 
removal of slugs, or spring knock-outs 
may be employed. AM—Jan 4 °54, 
p96 


Intermediate handling of work can be 
avoided by applying suitable tooling 
to a press brake. In one case seven 
men operate a 10-ft brake to finish 
refrigerator-cabinet panels. Similar 
tooling on punch presses would re- 
quire as many men, plus six inter- 
mediate handlings. AM—Jan 4 °54, 
p96 


Two or more operators working on a 
press brake establish better work 
rythm and higher production than 
when work is produced on separate 
punch presses. The latter practice 
causes bottlenecks at heavier and 
slower machines, plus time consumed 
in rehandling. AM—Jan 4 °54, p96 


Large-area work can be pierced on a 
press brake by commercial punching 
units which are adaptable to various 
job layouts. Units may be mounted 
on the brake in several ways, de- 
pending on the design of the machine 
and the production involved. AM— 
Jan 4 °54, p98 


STANDARD PRESS BRAKE is fitted with die 
to emboss center section and draw-flange 
outer rim in one operation. Die and punch 
holders are reinforced with angle braces and 
keyed to be clamped to standard ram and 
rail bed. Die has simple clearance fit, and 
work is removed with air blast. AM—Feb | 
54, plo? 
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Cost of operations on tractor drawbars 
was reduced from $25.26 per hundred 
to $2.24 per hundred by changing 
from machining to punching 2 slots 
and 13 holes on a 900-ton press brake. 
Material is 1045 HR steel plate % in. 
thick. Interchangeable dies handle 
two types of bar with minimum delay. 
AM—Feb 1 °54, p109 


Structural channels up to 8-in., and 
angles up to 5x5-in. can be punched 
on press brakes. Entire range of sizes 
can be handled with two sets of quick- 
change punching tools. Time is re- 
duced to one-fifth, and increased ac- 
curacy of location cuts down assembly 
cost. AM—Feb 1 °54, p109 


Flanged ducts from 3-in.-dia to 6x7- 
in. elliptical section, and up to 7 ft 
long have been produced in a press 
brake without setup interruption. Ma- 
terial was 52S aluminum sheet in 


gages from 0.020 to 0.051 in. Savings 
were 5 to 6 min per piece. AM—Feb 
1 *54, p109 


Steel tubes, 18-ga, 7-in.-dia by 50 in. 
long, are formed on a press brake 
faster than could be done by any 
equipment, other than a continuous 
roll former. Brake runs continuously 
at 50 strokes per min, and operator 
is able to catch 35 out overy 50 
strokes. Production is five per min, 
using seven strokes per part. AM— 
Feb 1 °54, p110 


Tonnage indicator is important acces- 
sory when stamping and forming on 
a press brake. Dial shows working 
load in tons, and also indicates 
“Normal,” “Caution,” and “Danger.” 
Readings are valuable in setting up 
new jobs, warning of dull tools, and 
maintaining accuracy of bed-to-ram 
alignment. AM—Feb 1 °54, p110 


5 ag 


VARIOUS SIZES OF HOLES ARE PIERCED, and both corners notched in this setup of 
standard commercial punching units assembled on a press brake. AM—Jan 4 ‘54, p97 
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IN-PROCESS TRUCKING wes eliminated by the progressive setup of three die sets on a 


press brake for making a formed and pierced bracket. 
lf any one contact is released during the stroke, the 


pushbuttons to start the press stroke. 
ram is stopped. AM—Jan 4 ‘54, p98 
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Each operator must operate two 





Table Il—Radii for 90 Deg Bends in Magnesium Alloy Sheet 





1 in. |Typical Radii at Temp., F 
Ponte | Condition i 





70 300 | 400 





FS1-0 Annealed 4.5t 1-2t 
FSI-H24 | Hard Rolled Bt | 4.5-6t 
M-0 Annealed 5.5t 3-4t 
M-H24 Hard Rolled % 6-7t 























Springback 8 to 10 deg for annealed sheet 
12 to 15 deg for hard-rolled sheet 


Dow Chemival Co. 





RECOMMENDED MINIMUM BEND RADII 
for heated magnesium sheet in press brake 
dies. Either sheet or dies may be heated, 
but cold dies should be used only when oper- 
ation is short, or dies will chill sheet. If 
hydraulic equipment with fairly slow bending 
action is used, bends may be made to 
smaller radii. PE—Feb '54, p137 


Where you locate dies on a press 
brake is important. Work-load capa- 
city should be equalized between the 
pitmans. If work is located under only 
one pitman, work can be performed 
up to only one-half the rated capacity. 
Where a piercing and forming load 
exceeds half the rated capacity of the 
press brake and is developed in a 
relatively small die unit, such a job 
should be located midway between 
the pitmans. 4M—Feb 1 °54, p110 


Rotary shear knives must be properly 
sharpened and adjusted. Horizontal 
and vertical clearance varies with ma- 
terial thickness and may be determined 
by formula. AM—Aug 31 °53, p123 


To insure repeated accuracy on 
blanked sheet-metal parts, and to 
avoid camber, twist, and burr on 
edges that will later act as banking 
surfaces for tooling, three sets of 
blades are maintained for each shear. 
One set is working, the two others 
are resharpened. AM—Dec 7 ’53, 
p140 


Strip and sheet zirconium can be slit 
on equipment used for stainless steel. 
Sponge zirconium alloys harder than 
190 Bhn often fracture when sheared, 
but this can be avoided by warm 
shearing at 300 to 400 F. AM—April 
12 °54, p201 


Aircraft skin is formed at Douglas in 
an automatic press brake with a 40-ft 
beam that introduces the curvature 
through a series of separate bends. 
Length of stroke and feed of work are 
controlled automatically by pre- 
punched metal job tapes in this Ver- 
son press. AM—July 5 °54, p138 
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SPINNING 


Chucks for spinning re-entrant shapes 
on an experimental basis can be made 
by casting Cerrobase metal in wooden 
mold and attaching to anchor plate. 
After spinning, metal is melted from 
part at 256 F, so part is not annealed 
or otherwise affected. Depending on 
shape of part, chuck may be solid 
Cerrobase, or in the form of inserts 
in a wood or metal base. Cast inserts 
also permit altering permanent chucks 
to suit design changes when re-entrant 
forms are not involved. AM—Feb 15 
54, p145 


Sembimshed por! Finsh -spun sheit 
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MANDREL-TYPE of spinning chuck for re- 
entrant form is desirable for deep, small-dia 
work. It produces a stronger chuck and 
reduces the amount of alloy needed. AM— 
Feb 15 '54, pl46 


Wood or metal 
COs! ONY Fnen. spun shell 














REINFORCING or stiffening beads can be 
spun with a thin cylinder of Cerrobase alloy 
cast on the chuck and turned to the desired 
shape. AM—Feb 15 ‘54, p|47 


With 20-hp Floturn lathe, cones and 
cylinders can be formed from blanks 
up to 5/16 in. thick in 300 and 400 
series stainless, titanium, Monel, K- 
Monel, Inconel, Inconel-X, Timken 
16-25-6 and 17-22S alloy, Haynes 
Multimet, and Universal Cyclops Uni- 
loy 19-9 alloys. Easier-to-work mate- 
rials; such as mild steel, aluminum, 
copper, and brass can be formed from 
blanks up to % in. or more thick. 
AM—Mar 29 °54, p105 


Cones with less than 30° included 
angle cannot usually be produced by 
Floturn process in one pass. Blank 
should be produced by preforming in 
a press, machining, or roll “flowing” 


to an intermediate shape. If several 
Floturn operations are required in 
sequence, annealing between passes is 
seldom used. AM—Mar 29 °54, p105 


Blanks for parts to be produced by 
Floturn process may be flat pieces; 
press-cupped preforms; machined 
from forgings, centrifugal castings, or 
press-formed shapes; or made by 
wrapping stock around a form and 
welding the joint. In the last case, 
the cold-working increases the physi- 
cal properties of the weld metal to 
those of the parent metal. AM—Mar 
29 °54, p107 


In forming metal by the Floturn 
process, there is an optimum rota- 








bed 


Cone when 
finished 


tional speed for each material and 
form. Heat goes up as speed is in- 
creased, but there is an optimum 
speed, predictable for each job with 
experience, at which relatively little 
heat is produced. AM—April 26 °54, 
p149 


Unexpected development of the Flo- 
turn process is that it acts as a mate- 
rial inspection process. Progressive 
displacement of the metal exposes gas 
pockets, slag inclusions, and other 
flaws in the metal, showing either a 
surface blemish or a crack. AM— 
April 26 °54, p149 


Tantalum and columbium can be spun 
in the same manner as steel, but using 











A NEW METHOD of shaping parts by plastic deformation, the Lodge & Shipley Floturn 
process, is similar to spinning but requires a blank of only the same diameter as the finished 
part. The metal is thinned as much as 75% in one pass, and the tensile strength and hardness 
are increased. Metal is worked against a hardened mandrel by the radiused periphery of a 
hardened roll, traversed at a constant rate, so metal is formed gradually and no stock is 
removed. Metal at A is thinned to fill area B in the cone. Wall thickness can be held within 


+ 0.002in. AM—Mar 29 '54, p104 
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ECONOMY in materia! realized by Floturn process. 
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FLOTURN ROLLING METHOD 


Machined blank (center) is made from 


shorter forging. Metal is then rolled out to desired thickness and cone angle (right). Same 
idea has been applied to making parts from a centrifugal casting. AM—Mar 29 '54, pl07 
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aluminum-bronze tools or, for short 
runs, yellow brass. Lubricant should 
be sulfonated tallow or Johnson’s No. 
150 wax lubricant, or something 
similar. AM—April 12 °54, p194 


REFINEMENT of grain structure produced 
by forming Type 302 stainless with the Flo- 
turn process is shown by photomicrographs 
at 250X. Original structure is shown at top, 
structure after working shown below. The 
extreme coldworking doubled the strength 
of the material. AM—Mar 29 '54, p!04 


Metal spinning lathe with a 180-in. 
swing has been installed at Phoenix 
Products Co, Milwaukee, and is be- 
lieved to be the world’s largest. It can 
spin stainless steel, chrome-moly steel, 
cupro-nickel alloys, and titanium al- 
loys. Spinning tools are hydraulically 
operated, and machine will spin %- 
in. steel or %4-in. aluminum to a 72-in. 
depth. AM—June 21 ’54, p174 


Spun on the world’s largest flanging 
machine, at Lukens’ Coatesville plant, 
two steel heads for an aircraft pro- 
peller testing device weigh 22 tons. 
Heads are made from 1%-in. steel 
plate cut to a 281-in.-dia disk and are 
spun to 246 in. in dia. Blank» are 
formed by welding two plates to- 
gether. AM—July 5 °54, p167 


FORGING 


Induction heating installation has 
four 1250-kw high-frequency motor 
generators to feed 14 forge-heating 
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stations for shells at US Hoffman’s 
Scranton, Pa. div. Believed to be 
world’s largest. AM—Aug 3 °53, p89 


More than 5 million Ib of light alloys 
have been processed through Alcoa’s 
15,000-ton forging press, and certain 
interesting factors are beginning to 
emerge. Draft angles may be reduced 
to 3°, and thin webs appear to be 
quite practicable. In-process machin- 
ing of webs and fillets should be con- 
sidered. ME—Sept ’53, p693 


Improved burners and rapid-heating 
furnaces, plus semi-automatic loaders, 
improve forge operations at Ford. 
Cutoff has been combined with swag- 
ing, and die life has been improved 
by nitriding dies. 142 tons of steel 
have been saved in four months of 
operation. 4M—Oct 12 °53, p157 


Forging press at Alcoa, Cleveiand, has 
15,000 metric-ton capacity. Unit was 
one of the first installed under Air 
Force heavy press program and was 
brought from Germany. Built by 
Schloemann Co, it weighs 1628 tons, 
is 22 ft long, 18 ft wide, and is valued 
at $6,200,000. PE—Oct °53, p3 


Forging presses increase the output 
of usable forgings over that of ham- 
mers. Draft can be reduced because 
of mechanical ejection, reducing ma- 
terial costs and machining time. Dies 
are not subject to impact, thus last 
longer. AM—Mid-Nov °53, pD13 


Aluminum ingots, 32 in. in dia and 
weighing 5000 Ib, are forged into 
plate blooms at US Steel Co’s Home- 
stead Works on Air Force 7000-tcn 
hydraulic press. Fourteen press forg- 
ing steps are required to convert the 
round ingot into the flat bloom. Ingots 
are examined by ultrasonic reflecto- 
scope prior to forging. Kaiser Alumi- 
num casts the ingots in its Trentwood 
Works as a matter of routine in 14S, 
24S, and 75S aluminum. AM—July 
19 °54, pi64 


No Scale process of titanium forging 
developed by Steel Improvement & 
Forge Co prevents development of 
hard skin caused by oxygen and nitro- 
gen uniting with surface metal. Meth- 
od is said to reduce machining costs 
and improve ductility of forged parts. 
AM—July 15 °54, p101 





Beryllium can be rolled and forged, 
but special techniques are required 
and the metal must be inclosed in a 
steel or other metal jacket. Best pro- 
cedure is to use a single, heavy blow, 
as many light blows cause radial 
cracks. In closed-die forging, however, 
slow application of the load for about 
30 sec gives better results than a sharp 
blow. AM—April 12 °54, p208 


Arc-cast zirconium ingots can be ham- 
mer or press forged with smaller 
equipment than needed for steel be- 
cause of the metal’s easier workability. 
Such ingots are free from center burst 
difficulties found in ingots of other 
metals made by conventional casting. 
Ingots must be rough machined prior 
to fabricating. AM—April 12 °54, 
p200 


Cold-headed bolts of silicon-bronze 
used for electrical connectors are pro- 
duced more easily and with stronger 
heads by changing the design from a 
round head to a pan head. Coldwork 
is lighter because of larger volume of 
material, and area of heaviest work is 
centered well above the base line. 
Flow is more uniform because head- 
ing forces are normal to top of blank. 
Work is done in two steps; bulbing to 
start the metal moving, followed by 
the final heading operation. AM— 
July 5 °54, p146 


Special machine designed by Ford 
(England) induction heats ends of 
steel bar and forms spherical upsets 
near each end. Machine is manually 
loaded and unloaded, but heating and 
upsetting cycle is automatic. M—May 
8 °54, p769 


Believed to be the world’s largest, a 
10-in. horizontal forging machine has 
been built by National Machinery Co, 
delivered to Tube Turns, Louisville, 
for forging aircraft components. Ma- 
chine will take 300-hp drive, weighs 
nearly 1 million lb. AM—Mar 29 ’54, 
p142 


New forging process closely resembles 
impact extrusion, but work is done in 
a hydraulic press with no impact. 
Pressures of 50,000 to 100,000 psi 
are required. Parts so produced are 
known as pressings and offer many 
economies over forgings. See under 
Extrusion. 4M—July 5 ’54, p140 
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Preheating forging dies at Gardner- 
Denver plant is no problem when sev- 
eral sets of dies for short runs are 
held in a steam-heated cabinet at 230 
F. Last forging is left with dies at 
conclusion of run to eliminate argu- 
ments as to whether dies are still to 
size. AM—June 21 '54, p165 


EXTRUDING 


Hot extrusion 


Spindles are produced faster by press- 
extruding than by hammer-forging. 
Billet is induction heated, so scale is 
light, and radiamatic pickup head re- 
jects billet if it is too hot. AM—Oct 
12 53, pl162 


Hot-extruded steel sections made by 
Harvey Aluminum, Torrence, Calif, 
have effected substantial savings on 
aircraft components of 8630 and 4360 
steel. Parts can be cut to length and 
installed without further machining. 
In one case, parts cost only $8.90 as 
against $29.40 when machined from 
the solid. Weight savings are also 
realized. Method looks promising for 
orders as small as 50 ft of a special 
shape in which die cost might be be- 
tween $200 and $500, but on which 
fabrication by rolling would not be 
practicable. 4W—Mar 29 °54, p36 


Hot extrusion of steel is being per- 
formed successfully by Harvey Ma- 
chine Co, Torrence, Calif, using an 
undisclosed lubricant. Billets are heat- 
ed in an electric salt-bath furnace 
containing barium chloride and sodi- 
um chloride, and molten salt is left 
on the billet to assist lubrication. Type 
410 stainless extrudes best at 2150 F, 
other steels range below this, down 
to 1800 F for titanium, which is also 
being extruded. Steel extrusions have 
properties roughly equivalent to those 
produced by rolling. AM-—April 12 
54, p256 


Aluminum wheels and fans 2 to 4% 
in. in dia are hot-extruded to finish 
size at AiResearch Mfg Corp’s Phoenix 
Div. Fans with 10 blades, and bucket 
wheels with 30 precision buckets are 
extruded to tolerances of 0.001 in. at 
100 per hr. AM—Feb 1 °54, p81 


Automobile pistons are being hot- 
extruded from cast aluminum slugs 
at Thompson Products Co. Slugs are 


cut from continuous bar, induction 
heated, and extruded in gas-heated 
dies. Conventional machining opera- 
tion are performed, but time is re- 
duced because of the accuracy of the 
extrusion. Laboratory tests show more 
than four times the fatigue resistance 
of conventional cast pistons. AM— 
May 10 °54, p172 


ALUMINUM FAN BLADES and wheels are 
hot extruded to finished size in an 1100-ton 
Lake Erie press at AirResearch Mfg Co, 
Arizona. Only machining needed is on OD 
and hub bore. Parts are stronger than 
former blades milled to contour on a dupli- 
cator. AM—Feb 15 '54, pl84 


Alcoa’s 14,000-ton extrusion press is 
now in Operation at Lafayette and can 
produce spar caps up to 110 ft long, 
weighing 2500 Ib. Auxiliary equip- 
ment includes 1500-ton hydraulic 
stretcher to handle 120-ft lengths of 
75S with 60-sq in. cross-section. In- 
tegrally stiffened skins, 34 in. wide 
will be extruded in a V-shape, then 
flattened. AM—June 7 ’54, p173 


Magnesium extrusion press at Dow 
Chemical plant, Madison, has 5500- 
ton capacity. Billets are induction 
heated in three stages with pneumatic 
loading and transfer between stages. 
Press runout tables have automatic 
tension devices to reduce amount of 
straightening required. A 13,200-ton 
extrusion press is now being installed. 
AM—June 7 °54, p176 


For successful extrusion of beryllium, 
the billet must be sealed in a gas-tight 
steel can with a conical end, and the 
die opening must have a conical lead. 
During heating to 1065 C, can should 
be inclosed in a graphite container 
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to prevent oxidation, and taken to the 
press in the container to minimize heat 
loss. A graphite plug behind the billet 
will permit all the metal to be ex- 
truded and avoid the health hazard 
of cutting off the butt. Dies should 
be preheated to 900 to 1100 C. Ex- 
truded material has virtually no duct: 
ility, so has limited value for further 
fabricating. AM—aApril 12 °54, p203 


New method of extruding beryllium, 
developed at MIT, involves compact- 
ing beryllium powder into a steel can 
which is then sealed, heated, and ex- 
truded. Ductility of 20 to 25% in the 
direction of working is thus obtained, 
but transverse ductility is limited. 
There are, however, many problems 
yet to be overcome in the process. AM 
—April 12 °54, p205 


Bare extrusion of beryllium is being 
performed by Brush Beryllium Co by 
coating the billet with several layers 
of colloidal graphite, heating to 400 
C, and using a graphite cone in the 
die. Extrusion is very slow, and the 
finished rod is covered with a fine 
film of graphite. AM—April 12 ’54, 
p206 


Conventional techniques have not 
been too successful in extruding zir- 
conium because the metal seizes and 
welds to the tools. Greater success 
has been achieved by cladding with 
steel sheaths which were removed by 
mechanically stripping and etching 
after extrusion. The Ugine-Sejournet 
process, using a glass lubricant, ap- 
pears to be even more promising. 4M 
—April 12 °54, p200 


Impact extrusion of bare zirconium 
at 980 F failed because of seizing and 
welding, but cladding the blanks with 
aluminum or copper gave successful 
extrusion at 620 F in a 50-50 lithium 
carbonate-potassium carbonate bath 
with commercial waxes as lubricants. 
An oxide film on the metal was ne- 
cessary to achieve proper lubrication. 
AM—April 12 ’°54, p201 


Cold extrusion 


Russians have had cold-extrusion data 
since right after the war, and are re- 
ported to be making only indifferent 
progress in application to shells. 
German developer of the process is 
in US and offers tooling help to Amer- 
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ican firms seeking to apply cold ex- 
trusion to commercial parts. AM— 
Sept 28 ’53, p101 


Changing from rolled stock to cold 
extrusion for the production of pole 
shoes turned out to be slightly moie 
costly. But an unexpected net gain 
resulted because extrusion required 
rounding of the corners, and _ this 
meant a saving of several hundred 
thousand dollars in material. AM— 
Nov 23 °53, pl69 


Cold-extrusion dies for rocket noses 
require careful selection. Most suc- 
cessful punch, as reported by Carpen- 
ter Steel Co, is made from Star-Zenith 
18-4-1 (T1) HSS. Tool was hardened 
in salt bath from 2350 F, double drawn 
at 1050 F to Re 62 to 64, then liquid- 
nitrided for 5 hr at 1000 F to develop 
surface hardness of Re 72 to 74. 0.001 
in. deep. Die ring is Vega, manganese- 
chrome-moly, non-deforming, — air- 
hardening die steel heat treated to Re 
58 to 60. AM—May 24 ’54, p169 


Extrusion dies can be produced by 
electrical-discharge machining in car- 
bide or other hard material. Process 
produces a slight taper, so work is 
done from the back, giving the de- 
sired relief taper. Lower half of elec- 
trode is deplated about 0.002 in. 
undersize, and hole roughed out with 
coarse power setting. Final sizing is 
done with full-size part of electrode 
and fine machine setting. AM—Mar 
15 °54, pl45 


New forming process is similar to im- 
pact extrusion but is performed in 
hydraulic presses without impact. 
Parts produced are known as pressings 
and are produced by McDonnell Air- 
craft and Prex Forging Corp in 14S 
and 75S aluminum up to 6 x 10-in. 
area with walls as thin as 0.1 in. Pres- 
sures of 50,000 to 100,000 psi are re- 
quired. Slugs are checked by weight 
to close tolerance and accurate slug 
control is essential, as there may be 
no provision for flash. Parts leave dies 
with a smooth surface. AM—July 5 
‘54, p140 


Economy of the new “Pressing” proc- 
ess is demonstrated by a part made by 
McDonnell. Formerly a forging weigh- 
ing 150.5 Ib, it required machining 
down to 19.4 lb. Converted to a press- 
ing, it weighs 20.1 Ib which must also 
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be machined down to 19.4 Ib. Die life 
is high, and in some cases dies have 
produced more than 1000 parts with 
die wear of no more than 0.001 to 
0.002 in. AM—July 5 ’54, p140 


Steel beam 6 ft long with 4-in. web, 
two 2-in. flanges on one side and a 
single 2-in. flange on the other is ex- 
truded from SAE 4340 steel. By ex- 
truding individually rather than cut- 
ting to length from a long beam, and 
by using a split die, the stub end is left 
attached to the extrusion. Stub is ma- 
chined to form attachment portion of 
beam. Extrusion is machined all over, 
then hardened to 180,000 to 200,000 
psi in a salt bath to prevent warpage. 
AM—July 5 °54, p141 


impact extrusion offers many advan- 
tages and makes possible parts with 
thick bottoms and thin walls. Raw 
material utilization is high. Cost-wise, 
impacts are best when production is 
high, but break-even point may be 
below 1000 pieces if casting is not 
practicable. PE—July °54, pi29 


MOLDING AND CASTING 


Automatic molding machine built by 
Osborn Mfg Co for Buick can pro- 
duce 240 engine-block molds per hr. 
Difficulty is huge sand consumption— 
60 tons per hr—and limited pouring 
capacity of foundry. BW—Sept 5 ’53, 
p66 


Vacuum forming of extruded sheet 
plastic permits molding of large forms 
and complex shapes at minimum die 
cost. Die may be male or female, and 
made from wood, plaster, cast resin, 
or metal. AM—Sept 14 °53, p153 


Temperature for molding thermo- 
plastic sheet usually lies between 285 
and 325 F. Forming below this may 
set up strains in the part; excessive 
temperature may cause blistering and 
discoloration. In vacuum forming, 
sheet is clamped to mold, heat is ap- 
plied, then vacuum turned on to draw 
sheet to mold contour. PE—June ’54, 
p133 


Thermoplastic sheet can be formed by 
heating and placing between the halves 
of matched male and female molds. 
Pressures required are relatively low 
—from 5 to 15 psi—and can be ob- 





tained from hydraulic or pneumatic 
cylinders. The latter is often preferred 
because it is fast, positive, and easily 
adapted. PE—June °54, p135 


Simple method of draw forming 
thermoplastic sheet is to drape the 
heated sheet over a plug of the de- 
sired shape and draw it down with 
a draw ring. Ring should be in firm 
contact with sheet for last 20% of 
the draw to eliminate wrinkles. A 
variation is slip forming in which a 
clamp ring is employed to grip edge 
of sheet and produce a positive draw. 
PE—June °54, p135 


Reinforced plastic replaced deep- 
drawn sheet aluminum for certain air- 
craft components, resulting in greatly 
reduced tooling charges and eliminat- 
ing small-quantity premium. Further- 
more, appearance was improved, 
weight reduced, and product less easily 
dented. AM—June 21 °54, p139 


Mat molding is employed by Boeing 
and Northrop for aircraft parts. Glass 
fibers are collected into a rope of 200 
filaments, cut into 1- to 3-in. lengths, 
and deposited on a moving conveyor, 
similar to paper-making process. Mat 
is sprayed with binder, then sheared 
to shape and fitted into die of 
matched-metal set. Resin is added, 
and dies are closed and heated to 200 
to 250 F at 15 to 50 psi. AM—July 
5 °54, p139 


Glass mats for plastic parts are being 
made by dispersing cut fibers on a 
shaped screen on a hatmaking ma- 
chine. The preform is then sprayed 
with binder for easier handling, and 
impregnated and cured. Parts so made 
have uniform properties because there 
are no joints in the mat and the fibers 
are evenly distributed. AM—July 5 
54, p139 


Shell molding offers many advantages 
in production, but is not necessarily 
the best process for all materials and 
all shapes. It is, however, particularly 
valuable for stainless steel castings and 
thin-wall sections. PE—Sept ’53, p129 


Casting 


For investment casting of titanium 
parts for aircraft, a thin ceramic shell 
has been developed by Battelle Memo- 
rial Institute. AM—Jan 4 ’54, p73 
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Investment-cast turbine wheel made 
of 410 stainless steel, with the trailing 
edge of each blade tapering to a 
radius of 0.011 in., cost $230 less than 
if machined in the conventional man- 
ner. Mold cost for development work 
was saved by machining first patterns 
from solid polystyrene on a profiler 
until process was proved satisfactory. 
In ten tries maker succeeded in de- 
veloping a technique which permitted 
casting on a production basis. AM— 
June 21 °54, p135 


Investment casting of a 410 stainless 
steel blower saved 9.6 hr of machining 
time. Pattern is molded polystyrene. 
Blade machining is eliminated, and all 
machining is done on a lathe. If pro- 
duced by conventional practice, cost 
would be almost three times the pres- 
ent cost. AM—June 21 ’54, p134 


Investment-cast cam saved $9.86 in 
machining costs previously necessary 
when part was made in two pieces and 
assembled by riveting. A4M—June 21 
54, p135 


Investment-cast turbine wheel 6 in. in 
dia and weighing 4.14 lb is made suc- 
cessfully from N-155 alloy. Blade 
trailing edges are held to 0.012-in. 
radius and surface quality is such that 
not even clean-up operation is neces- 
sary. Machining from wrought bar 
would take 40 hr; machining the cast- 
ing takes only 3 hr. AM—June 21 °54, 
p138 


Cerrobase alloy can be cast in wooden 
molds for making spinning chucks for 
experimental work. Pouring tempera- 
ture of 256 to 300 F does not require 
elaborate furnace equipment, and 
molds can be used repeatedly as they 
are not injured by the heat. AM— 
Feb 15 °54, p146 


Largest magnesium casting ever 
poured has been made by Rolle Mfg 
Co, Lansdale, Pa. It measures 114 x 
93 x 33 in., and weighs 1630 Ib. 
Special checks were made on core 
strength, and sand moisture and 
permeability. Careful checks were 
also made on physical properties of 
the material, followed by Zyglo and 
X-ray inspection of the finished part. 
AW—Feb 22 ’°54, p45 


Wings for missiles are cast at Chance 
Vought from magnesium AZ63 with 


0.20-in.-thick skin and stiffening ribs 
in a rammed sand mold with baked 
sand cores. A wing speed brake is cast 
in magnesium with 0.12-in. skin, and 
an elevon is cast with a steel torque 
tube in place for control. If zirconium 
segregation can be eliminated, casting 
may be more widely adopted. AM— 
July 5 °54, p138 


Various methods of making castings, 
including sand castings, shell molding, 
plaster casting, permanent-mold, die, 
and investment casting, are evaluated 
from the standpoint of the most suit- 
able application for a particular pro- 
duction problem. PE—Mar °54, p139 


Change from sand casting to plaster- 
mold precision casting reduced cost of 
casting to one-third. Machining time 
is Only a tenth of that required for a 
sand casting, so total cost of the fin- 
ished part is only one-fifth that of a 
finished sand casting. Machining of 
blade surfaces and areas between 
blades, and removal of end rings, are 
eliminated. AM—June 21 °54, p138 


Completely automatic foundry is being 
installed at Eberhardt Mfg Co, Cleve- 
land, to produce a casting every 11 
sec. Built by Osborn Mfg Co, the 
automatic line performs every opera- 
tion from coremaking to shakeout and 
delivery. AM—May 10 ’54, p105 


New casting process developed by 
BSA, England, makes possible the 
production of forging and extrusion 
dies, and milling cutters, to tolerances 
of +0.005 in. In many cases, no ma- 
chining is required, except final polish- 
ing. Dies as heavy as 400 Ib, and 
milling cutters up to 100 Ib have been 
produced. Cost is about 20% less, and 
life of hammer dies has been increased 
100%. M—May 15 °54, p850 


Sand casting originally required ma- 
chining all over. When replaced by die 
casting, only slight clean-up was re- 
quired and cost was less than one-half. 
AM—June 21 °54, p139 


Permanent-mold casting of pure alu- 
minum by Al-Fin process produces a 
1%2-in. thick by 4%-in. long heat-dis- 
sipating muff-type jacket on cylinders 
for tank engines. After _ heat-treated 
cylinders are sandblasted, areas on 
which aluminum is not to be bonded 
are painted with colloidal graphite be- 
fore casting. AM—July 19 ’54, p122 
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How big 
is a nugget? 


$ ome American Machinist articles 
are essentially lengthy nuggets—so 
lengthy they would make this com- 
pendium inordinately long. They are, 
therefore, only referred to here. For 
example, the Cope series on draw dies 
—some 20 articles to date—could 
quite properly be included in its en- 
tirety, as well as all of our Reference 
Book Sheets—more than 75 a year. 
They would, however, defeat our 
present purpose of making this a com- 
pact reference to the past year’s de- 


velopments. 


Typical Reference Book Sheets are 
included, plus references to others; 
the Cope series is indicated only in a 
summary paragraph for each, Actual 
copies of either may be obtained as 
tear sheets, as long as our supply 
lasts, or as photoprint copies at 5¢ a 
page (minimum 25¢). (All early Cope 
articles, for example, are long since 
out of print, so only photoprint copies 
on single orders may be obtained, be- 
cause the author has retained reprint- 
ing rights.) 


Most Practical Ideas are also com- 
plete in themselves and non-condens- 
able unless valuable data are lost. To 
include them here—from the largest 
number published anywhere—is a 
practical impossibility, so we include 
the prize winners in a later 8-page 
section (Section J), as well as some 
shorter ones in single columns. 


All descriptions of new shop equip- 
ment, except those involving entirely 
new engineering principles, are 
omitted because they are reproduced 
in our annual Production Preview 


number, Jan. 31, 1955. 





get a DIEBEL 








DIEBEL "2" PRESSES. 


A COMPLETE LINE FROM 5 TO 100 TONS 








STEEL SQUARING SHEARS 
up to 15% less gear wear 


with the FSi 7a ae 


A cost-reducing, safety Air Clutch is one of the 
many exclusive, built-in Columbia ‘‘New Series” 
Shear features. 


This air-operated clutch reduces gear wear as 
much as 75% since all gear movement is 
Exploded View eliminated except in the actual cutting cycle. 
of Air Operated Inherent clutch slippage at the overload. point 
Dise Clutch protects machine and drive. Air-application of 


power is soft; shocks are not transmitted. 
. another Columbia 


exclusive. It eliminates Other Columbia features you should know about 
re Oey, eee: include the exclusive Quick-Set Blade Clearance, 
.. . gives never-failing Hydraulic Hold-downs, Jog Control for Ram 

overload protection Back Brace Adjustment, Air Counterbalances, 
Remote Foot Switch, and others. Together with 
basic ruggedness, rigidity and long-lasting 
accuracy these features mean that Columbia 
Shears offer more machine for the money! 


. .. cushions shock! 


Columbia Stee! Squaring Shear, Model 0610. Capacity 10’ x 


Other exclusive Columbia features are 


explained in detail in FREE Bulletin No. PS-2. (% 

Write for it and the name of your Columbia > s be STEEL 
dealer, today! ( Y, YA . SQUARING 
COLUMBIA DIVISION, THE LODGE & SHIPLEY CO. SHEARS 

™ Podge & Shipley and POWER PRESS BRAKES 


COMPANY 


HAMILTON 9, OHIO 
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THE DEVELOPMENT OF THE IMPACTER REPRESENTS 

A RADICALLY NEW CONCEPT OF THE FORGING 
PROCESS, WHICH, FOR THE FIRST TIME IN 
HISTORY, WILL MAhE AUTOMATION POSSIBLE 
IN THE FORGE SHOP AND FORGING POSSIBLE 
IN THE PRODUCTION LINE- 


i OR the first time in industrial history the fords sufficient flexibility to permit.a variety of 


automatic mass production of die forgings similar forgings to be made in the same installa- 
is now possible. Embodying the basic operation tion with no extraordinary changes in tooling. 


common to the forge shop, the ( ecomatic 


: : ; } ; Basic to the process is the Chambersburg 
Process unites them into a continuous, self- 


; . ; IMPACTER, a radically new, revolutionary type 
regulating forging process free from manual 


: : t of hammer. It uses the high-velocity impact of 
skills. Material flows from operation to opera- 5 


y 


tases: 
ging 


Pa : horizontally opposed rams to strike the for 
tion and is converted from stock lengths to 


2 : : stock simultaneously from both sides. Energy is 
completed forging without being touched or 


handled by human hands. Yet, the process af- almost completely absorbed. jn the forging and 
: the impellers of the machine itself. There is no 
shock or vibration typical of conventional forg- 
ing equipment. No massive foundations are 
required. IMPACTERS capable of producing 
forgings weighing from a few ounces to those 


weighing hundreds of pounds are available. 


The Cecomatic Process fits into your plans for 


osiileseceh Meer tiicoliriccemelacreltiasleren 





MIBWiieibli tite ENGINEERING COMPANY 


1955 Production Planbook 





—-tdlU 








Automatic press lines have this in common— 


The SAHLIN 


America’s top stamping plants are tooling up 
for automation in a really big way. Straight- 
flow, continuous press lines with batteries of 
five, six or more presses are a common sight 
today. And the key to virtually every con- 
tinuous automated press line is the Sahlin 
Iron Hand—used to unload and transfer work 
quickly, safely and economically. 

A prominent automaker, for example, found 
that one Iron Hand boosted his floor pan 
production by 125%. Another manufacturer 
doubled hood line production. Still another 
eliminated the need for four attendants. In 


IRON HAND 


every case they made their operations far safer 
—and saved on time ...saved on labor. 

But savings like these are possible not only 
in auto body plants, but throughout all mass 
production industries. The overhead-type Iron 
Hand is adaptable to all types of stampings, 
large and small...can be used on all types 
of presses and sheet metal machinery. 

Our latest bulletin lists prominent instal- 
lations, describes operation of the Iron Hand 
and shows various ‘models in actual use. Send 
for a copy today and give your production 
a helping hand—with an Iron Hand. 


—to raise pressroom standards 


SAHLIN ENGINEERING COMPANY 


750 West Maple Road, P. O. Box 289, Birmingham, Michigan 


Representatives in: Dayton « Toledo « Pittsburgh « Philadelphia + Buffalo + Syracuse 


Los Angeles « San Francisco « Seattle + London + Paris +« Milan 


OVERHEAD ARMS + FLOOR TYPE UNLOADERS * TURNOVER AND TRANSFER MACHINERY 





in plate or sheet metalworking... 


NIAGARA MACHINES CAN 





COMBINATION CIRCLE SHEARS AND FLANGES 
High speed machines hand g a wide f 


of medium to heavy work 





PRESS BRAKES 


50 - 775 ton capacities 











BENDING ROLLS 
Hand and power driven for a wide a 


range of lengths and thicknesses 


DRUM MAKING EQUIPMENT 
1 ELECTRONIC AUTOMATIC WELDER 
FOLDER — BRAKES 


Adjustable Bar Folders 
Universal Folders and Brakes 


GROOVERS and SEAMERS 


HAND or FOOT OPERATED SHEARS 
Circle Shears Foot Squaring Shears 
Foot Curved Shears Ring Shears 
Foot Gap Shears Rotary Slitting Shears 


HAND TOOLS 
Bench Plates Hollow Punches 
Bench Shears Rivet Sets 
Hammers Snips 
Hand Groovers Stakes 





STRAIGHT SIDE DOUBLE CRANK PRESSES 
50 - 300 ton capacities 


LEVER SHEARS and PUNCHES 
Bar and Rod Cutters Lever Punches 


Combination Lever Lever Shears 
Punches and Shears Notchers 


POWER PRESSES 
Bench Presses 
Foot Presses 
Gap Frame Double Crank Presses 
Gap Frame Single Crank Presses 
Horn Presses — Side Seamers 
Hydraulic Presses 
Inclinable Gap Frame Double Crank 

Presses 

Inclinable Presses 





GAP FRAME DOUBLE CRANK PRESSES 
6'. inch shaft diamete 


222 ton capacities. A nclinable s 











SINGLE CRANK OPEN BACK INCLINABLE PRESSES 
1%, 7 nch shaft diameters 


250 ton capacities 


Straight Side Double Crank Presses 
Straight Side Eccentric Geared Presses 
Straight Side Single Crank Presses 


POWER PRESS BRAKES 


POWER SQUARING SHEARS 


Economy Line Power Squaring Shears 
(14 Gage Max.) 

Gap Frame Overdrive Power Squaring 
Shears 

Light Gage High Speed Power Squaring 
Shears 

Underdrive Precision Type Heavy Duty 
Power Shears 








we 
THE MOST FOR YOU 





% MOST EXTENSIVE LINE: | 
From giant, power-operated machinery to small 
hand tools 


* MOST ADVANCED DESIGNS: 
Years ahead in performance through forward- 
thinking engineering 


In the world’s largest automotive and appliance plants 
or the smallest of sheet metal shops, Niagara machines 
and tools are usually at work “in force.” 

Batteries of giant presses are teamed up with speedy 
ring and circle shears. Massive, rugged press brakes stand 
side-by-side with powerful bending rolls and squaring 

shears. Versatile lever punches, rotary machines, groov- 
see On ee | ers and seamers . . . all operate together to produce a 
sti eo mememabtas better product at lower cost. The Niagara lines are 
“companion lines” of metalworking machines and tools 
that work together. A Niagara-equipped shop or plant is 

years ahead in quality and volume of production. 

Whatever you require — power presses or hand tools 
— Niagara is the line that can do the most for you. It is 
the most complete in the industry ... the most advanced 
in engineering. You can consult a Niagara representative 
with complete confidence of unbiased recommendations. 
Niagara has the right machines and tools for your 
requirements. : 

UNDERDRIVE POWER SQUARING SHEARS 


Shim stock to 1 inch capacities in 
lengths from 3 - 20 feet. 


BRING YOUR FILES UP-TO-DATE WITH 


tools for plate and sheet metal work INFORMATIVE NIAGARA BULLETINS 
Listed at the left are the diversi- 
fied machines and tools that 
make up the famous Niagara 
line. Be sure that you have the 
latest data on the ones that 
apply to your type of work. At 
your request, specific Niagara 
ROTARY MACHINES Bulletins will be mailed prompt- > 


Bending Forming and Curving i i H 
ones + aw domes ly, without obligating you. 


Combination Machines Multi-Drive Table 
Corrugating for Rotary Machines 
Crimping Setting Down Machines 


Edging Turning MIAGARA MACHINE & TOOL WORKS - BUFFALO II, N. Y. 
Flanging Wiring DISTRICT OFFICES: Lf 

Buffalo © Cleveland © Detroit © New York °¢ Philadelphia 
SLIP ROLL FORMERS 


Dealers in principal V. S. citi d jor foreign countries 
Hand and Power Machines " — bot aap. sp ; 


POWER ROTARY SHEARS 
Power Circle Shears 
Power Circle Shears and Flangers 
Power Ring and Circle Shears 








development in metal forming 


FLOTURN is a new process originated by 
Lodge & Shipley. FLOTURN offers startling advantages 
in precision metal forming at production rates 
with low-cost tooling. If you are now producing 
conical or cylindrical parts by conventional 
drawing, welding, or machining methods 
FLOTURN may offer you amazing savings in time, 
materials and tooling! FLOTURN equipment or 
sub-contract service is available only through 
Lodge & Shipley and its distributors. 

Write for complete details. 





THICK BLANK 





Vette. a ane RRR eS 


Axially rolls simple em 
blanks into complex forms Finished Workpiece: cone wuen / vag 
Displaces metal by cold flowing - 3 _ 














PRINCIPLE OF FLOTURN PROCESS 








HOW FLOTURN WORKS 

... the FLOTURN process starts with either a simple flat blank, 
machined blank, machined forging, drawn cup, wrapped and 
welded cylinder or centrifugal casting. FLOTURN equipment 
scientifically applies great pressure against the blank, causes 
the metal to flow in a cold state. Pressure is spirally applied 
continuously, flowing the metal to the shape of a mandrel. 


FLOTURN IS HIGHLY ACCURATE 
. wall sections o,, work are uniform, predetermined, with 
never changing thickness and can be easily held to + .002’. 


FLOTURN SAVES TIME, MATERIALS, TOOLING 
No. 40 Lodge & Shipley The FLOTURN blank weighs the same or slightly more than 
Floturn Lathe for cold forming. the finished part. FLOTURN tooling is low in cost—only 
about 1/10 the cost of deep draw dies, for example. Tooling 
life is long. FLOTURN forms a wide range of metals—from 
THE LODGE & SHIPLEY COMPANY mild steel to the toughest alloys. FLOTURN adds strength 
3055 Colerain Avenve, Cincinnati 25, Ohio and hardness. 
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FOR FINE FORGINGS ~ 








X PRESSES 
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Ks AJAX development engineers 


testing experimental dies, 
one of many development jobs 


perfected in the AJAX plant. 
| " MANUFACTURING COMPANY 
THE 


EUCLID BRANCH P.O. CLEVELAND 17, OHIO 
110 S. DEARBORN ST. DEWART BUILDING 
CHICAGO 3, ILLINOIS NEW LONDON, CONN 
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| shears 24 feet Of ag 
s 4 inch plate 


...straight and true! 














Cincinnati Shears, built 
with machine tool accuracy 
and exceptional rigidity, 
cut to close tolerances 


even on the longest cuts. 


Built in lengths from 4 ft. 
to 24 ft., they shear .005” 
thick sheets to 1 4 in. plate 





with micrometer accuracy. 
They handle a wide variety | . | 
of materials ranging from ae \ A 


yet 
soft aluminum to armor BES Ee \ oe 
plate. 3 | | 


| 


| aa 
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Write for complete shear catalog S-6. 
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THE CINCINNATI SHAPER CO. 


CINCINNATI 25, OHIO, U.S.A. SHAPERS « SHEARS « BRAKES 

















Series Shear capacity 14 in. 


10024 
mild steel 24 ft. long 


Cincinnati 














a Cincinnati Press Brake 
‘saves 3 WAYS... 










/, TIME 


2. NUMBER OF 
OPERATIONS 





3. MATERIAL «| 


Built at The Maryland Drydock Crimping plate up: to 3” thick-- 


Company, these giant condensers 


for the Westinghouse Electric: Cor nesses has cut roll-forming time 


poration are some of the largest ; 
ever constructed : Bal half at The Maryland Dry- ) 


Photographs courtesy of The Maryland 


Drydock Company, Baltimore, Maryland fe KoYod 4 Company. 


The press brake crimps the ends of the plates with special 
fo 6C-s- Mar bas MB ot-t-ME-) 6 bcc bb at-Uc-lo MM oleh d aM dal-Miclel-1dh am olbboab bate Mie) o!-5e-t 
tion, and the loss of 15” to 18” of the ends of the plates. 


Some of the large radius bends are done entirely on the - 


‘ _.- Cincinnati Press Brake. . : \ 


, ; : Write for the NEW 72-page Press Brake Catalog B-4. 





THE CINCINNATI SHAPER CO. 


CINCINNATI 25, OHIO, U.S.A. SHAPERS ¢ SHEARS « BRAKES 





SHORT RUN ECONOMIES...LONG 
HENRY & WRIGHT DIEING 


Cutaway view showing extra-long guiding area. 


BASIC FEATURES 


Greater area of guiding surface to 
1. insure precision alignment of punch 
and die. 


2 Low center of gravity permitting high 
* speeds with minimum vibration. 


3. Downward pull instead of push. 


4 Upper crosshead receives only pres- 
* sure necessary to perform work. 


5 Unobstructed view of tools from all 
* sides. 


HIGH SPEED BLANKING, Machined surfaces on all four sides 
FORMING AND DRAWING 6 of die bed and upper crosshead 


simplify feed and tool installation. 
Substantial economies can be achieved on straight blanking ity — 
jobs because of the speed and accuracy of H & W Dieing 
Machines. This same combination of speed and accuracy is 
of still greater advantage in producing formed and drawn 
arts, particularly if progressive dies are used. The Dieing 
Machine's superior ability to take off-center die loads increases 
the range of work that can be done progressively. 


MORE STAMPING IN LESS TIME AT LOWER COST WITH LONGER DIE LIFE — 
Full Details on Henry & Wright Dieing Machines are yours for the asking. 
Remember — one Dieing Machine is frequently equal in capacity to five or ten 
other presses. 
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RUN SAVINGS 
MACHINES 


ASSEMBLY OPERATIONS 
THAT COST NOTHING 


Tool designers have found that, by feeding 
two strips simultaneously and incorporating 
an assembly station in the die, Henry & 
Wright Dieing Machines save the expense 
of separate mechanical or manual assembly 


operations. Quality control is improved, too. Ze high tg rule stamped and assembled 


NEW ECONOMIES FOR 
HEAVY GAUGE PARTS 


Dieing Machines are available in capacities 

of 25-tons on up through 2500 tons. Large 

Dieing Machines are demonstrating that real 

savings can be achieved by using progressive 

ae Y stamping for heavy duty housings and simi- 

3 a % lar parts that were previously die cast or 

, ‘ & ers produced on a series of presses performing 

Contract shop makes two or three job changes a day for Boe eos single operations. Again, the answer is in 

a oo a Ba 2 the Dieing Machine’s superior ability to take 
CP SR aS et OR EES Nog off-center die loads. 


5 
: IS pth 3 a ‘ 


MIX SHORT RUNS 
WITH LONG RUNS 


Advance scheduling of jobs permits you to 
take full advantage of the Dieing Machine’s 
many economies for both short runs and 
long runs. Openness of construction pro- 
vides excellent accessibility for quick die 
changes, reduces setup time for feeds and 
stacking chutes. 
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DIVISION OF EMHART MFG. CO: 
WRIGHT 531 WINDSOR STREET 
HARTFORD 1, CONNECTICUT 


American Machinist e MID-NOVEMBER, 1954 













One operation 


One operation 
0.064” 61SO Aluminum 


0.064” 24SO Aluminum 
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One operation 
0.051” 61SO Aluminum 
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Two Operations 
0.032” 52SO Aluminum 


These are typical aircraft components pro- 
duced on two Cincinnati Hydroform machines 
at North American Aviation, Inc. Hydroform- 
ing has increased their overall production of 
intricately-shaped parts . . . made from all 
types of materials ranging from aluminum to 
titanium .. . at very substantial savings in 
development and production time, in tooling, 
Three operations material and labor costs. 
0.032" 61SO Aluminum 






To determine if Hydroforming can produce 
similar savings for your manufacturing pro- 
eram, call a Cincinnati Milling field engineer. 


eo 


PROCESS MACHINERY DIVISION 


Hydroform THE CINCINNATI MILLING MACHINE CO. Ss 
. CINCINNATI 9, CHIO, U.S.A. a. 


0.064” 61SO Aluminum 











MACHINE STAMPING 
AND EMBOSSING 
DIES 
Higher production with 


CADILLAC Dies is assured by 
special steel selection, con- 


SNL Ae 


trolled heat treatment and 

precision engraving — noted 

for accuracy and high qual- 

ity. We'll be glad to advise FORGING HAND STAMP E INSERT EMBOSSING DIE 


= * You Don't Need An X To Mark “The Spot" 


ce Are CADILLAC MARKING DEVICES 
Tee Designed For ALL Marking Needs 


Just as “variety” is called “the spice of life”, varieties of marking methods and devices are 
PUNCH essential for meeting modern production demands. CADILLAC STAMP COMPANY is equipped 
to offer or build every conceivable type of marking device, from 
simple hand stamps to especially created and designed machinery 
for unusual marking requirements. 


ROLL SEGMENT DIE 


CADILLAC 52 


CADILLAC 115 HAND AIR IMPACT PRESS CADILLAC 54 


ARKING MACHINE For high speed marking, assembling, 

Rien purposes this floor branding, staking, crimping, riveting, HYDRAULIC 

type machine gives top service. also for producing light stampings. MARKING MACHINE 

Marking is done in a rolling oper- The 52 effects great savings in produc- Here’s a compact, self-contained, 

ation—requiring minimum pressure. tion — delivers speeds up to 10,000 unit. Hydraulic unit is of mani- 

Marks flat or round parts of vary- strokes per hour—pressure vp to e fold construction. One control gives 

HEAVY BEVEL STEEL ing thickness. Foot pedal for mark- tons. Safe to operate, automatic con- full range of marking depth. It 

LETTERS AND FIGURES ing flat or irregular contoured —_ hoy be hand, foot or electrically. will mark flat, round and irregu- 
? ; vated. . 

The faces of CADILLAC Steel parts; table screw adjustable for Machines Above, Write for Bulletin M-120 lar shaped products. Delivers pres- 

sures up to 36,000 Ibs. 


round ports. Misc. Items, Write for Bulletin SE-130. 


SOLID ROLL DIE 


Letters and Figures combine 
a high degree of hardness an 

4 —) dete eee 
with toughness, insuring ex- We = enn — 
ceptionally long life. Each i oe 


stamp is clearly marked 7 
with character designation 
and size. Long tapering 
bevels assure easy ‘align- 


ment of characters. (To the 
right, mote CADILLAC’s 
sturdily boxed Interchange- 
able Steel Type Set.) 


' 


HAND STAMP NUMERALS INTERCHANGEABLE TYPE AND TYPE HOLDER SET HAND STAMP SYMBOLS 


CADILLAC STAMP COMPANY 


Factory and Offices 





17316 Ryan Road FO. 6-0500 Detroit 12, Mich. 


Marking Devices 
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PRECISION 


EASIER TOOLING AND RE-TOOLING 


With precision, sturdiness and adaptability all built 
into the V & O press, you can plan for fewer adjust- 
ments for press aberrations when you design your 


tooling. 


FASTER SET UPS 


When the set up man makes fewer adjustments for 
press aberrations, then his average set up time is 


reduced. 


WIDE SELECTION OF MODELS 


V & O precision, sturdiness and adaptability are built 
into a wide selection of standard models. You can 


have the press you want. 








STURDINESS 





ADAPTABILITY 





SPECIAL TYPES AS YOU NEED THEM 


With precision and sturdiness in every element, 
V & Ocan vary the press as you can vary the tooling. 
That is why V & O designs and builds so many spe- 
cial feature, modified feature, and even radically 
different presses. Write us about your ideas. 


SAFER FOR HIGHER COST TOOLING 


Complex tooling, high precision tooling, hard but 
brittle alloy tooling, all are protected by V & O pre- 
cision, sturdiness and adaptability. You can design 
your tools with confidence. 


TOOL LIFE AND 
PRECISION PRODUCTION 


V & O precision and sturdiness mean higher pre- 
cision production, fewer rejects, and less of the tool 
wear that can be caused by off-centering or mis- 
alignment. 
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SPECIAL FEATURES 








BETTER ADAPTED TO ACCESSORIES 


Precision, adaptability and sturdiness make it easy 
to apply attachments to V & O presses. V & O offers 
a wide range of feeds; brakes; clutches; mechanical 
and electrical or electronic controls; and other de- 
vices. V & O can equip presses that will do more 


for you. 


THE EASIEST PRESSES TO AUTOMATE 


Precision, sturdiness and adaptability make V & O 
the easiest and most satisfactory presses to automate. 
The very first V & O’s, away back in 1889, were de- 
signed and built for automated tooling. Down through 
the years V & O has designed for automate-ability. 
With a V & O you can be 65 years ahead of the auto- 


mation parade. 
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AUTOMATION 





SINGLE PURPOSE ENGINEERING SERVICE 


V & O design engineers think the way they build. 
V & O designs and builds press and tooling combina- 
tions that are so integrated and automated as to be 
small factories within themselves. V & O also designs 
and selects those small modifications that make such 
big differences. Why not talk with V & O engineers 
about your ideas? 


A V & O Distributor is close at hand. 
Write for our new litercture. 


THE V&O PRESS COMPANY 


DIVISION OF EMHART MFG. CO. 


HUDSON, NEW YORK 


Buliders of Precision Power Presses and Feeds Since 1889 








STEELWELD SHEARS and PRESSES 


CUTS 1 1/4” x 12’-0” 


All Steelweld Shears and 
Presses are heavily built to 
provide creat strength and 
rigidity. Their frames are 
all-welded one-piece units with 
the bed integral. There are 
no bolted connections to 
loosen or misalign. Stresses 
are distributed proportionately 
to all parts of the frame. 





f you work with metal plate of any thick- 
ness to 1% inch or length to 20 feet, you 
will find many points of advantage in heavy 
duty Steelweld Shears and Presses. Their 
designs are different from conventional ma- 
chines. As a result, they have many exclu- 


sive features not available elsewhere. 





y 
CuTs 1/4" x 18’-0” 
Controls are conveniently 
located at front and right end. 
The closely-spaced, spring-operated 
hold-downs hold various 
thickness plates solidly during 
shearing. They are practically 
fool-proof and grip the plate 
close to line of cut. 


oa ae 
CUTS 3/16” x 6’-0 
Only Steelweld Shears have a 
le. This overcomes 
of guillotine type 
ere are no guides 
wear and cause 
inaccuracies. Whether smal) 
or large size, Steelweld Shears 
are heavily built for hard, 
continuous service. 
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Whether or not you are in the market for 
a shear or press, we urge you to send for 
the illustrated booklets below. Get the facts 
on these modern machines that are now 
serving hundreds of varied production jobs 


so successfully. 
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.. Booklet 2011 : Boo 010 Fore. 
covers piv- 3 my d b a ee 
oted-blade : 
. construction 
and other 





details. 


WV = pmAN \ ; \ LN BANA, \\ 
































“\ 
? 





] eee 
agrees Bee 
wie 


Heavy box type crown, above, is reinforced with thick interna! ribs front 
to back. Deep sections and large bearings provide rigid support for heavy 
SAE 1045 forged steel shaft, holds deflection to a minimum. 

Air counterbalance, top right, maintains upward tension on main bearings 
—compensates for weight of dies, prevents backlash in gears, and elim- 
inates takeup in main and connecting bearings when tension is reversed. 











; 


Motorized slide idictenah, above, with locking brake has fully-skirted sleeve 

and long bearing surface to insure support through full limit of ——— 
,. eliminates need for ring risers and stools. 

Friction plates, top right, on both clutch and brake are easily removed with- 

out disassembling clutch or removing it from press. This feature alone saves 


About five years ago, we completely redesigned our single 
and double crank straight side press line—modernizing 
the line, complying with Joint Industry Conference stand- 
ards, and adding many new features that resulted from 
careful study of user requirements. 


While the presses were still in the blueprint stage, the 
news spread through industry. Relying only on the prints, 
enthusiastic customers volunteered enough orders to give 
one Bliss plant a four-month backlog before a single part 
was cast! 


That enthusiastic acceptance is even greater today— 
with good reason. From the crown down these modern, 
rugged-duty presses offer as standard equipment unique 
design features like these— 


@ The new presses are heavier, with deeper, thicker 
box sections... larger bed and slide areas. 

@ They feature the long barrel-type connection, mak- 
ing possible a range of slide adjustments 100% greater 
than prior standards. 


@ Gibbing is longer—slide is entirely within the gibs 


during working portion of stroke, even when adjusts 
ment is down. 


@ New cool-running air clutch with longer wearing 
linings is standard on most sizes. 


Thanks to these and other new features, Bliss straight side 
presses have been proved—in plant after plant—to hold 
their accuracy longer. They’ve been proved to render far 
longer die life...to minimize maintenance. 


And yet their cost is Jess than you might think. To get 
the complete story on industry’s most modern straight 
side presses, write today for copies of Bliss catalogs 17-D 
and 9-D. They’re yours for the asking. 


Want more information? Only the highlights of the Bliss 
straight side presses have been revealed here. For complete 
description of the exclusive design fea- 

tures of industry’s most wanted straight 

side presses, detailed specifications, and 

a full listing of the standard single and 

double crank presses available; write 

today for our catalogs 17-D and 9-D. 


Remember: BLISS for Presses, Rolling Mills and Special Machinery 


ta 


hours of maintenance time. 


7. seo 
2 ee ee enti cine tng pip ne lige 


$1 NCE 1857 
on your press is more than a name ... it’s a guarantee 
E. W. BLISS COMPANY, Canton, Ohio 


Subsidiary: The Die Supply Company, Cleveland, O. 
E. W. Bliss (England) Ltd., Derby + E, W. Bliss Co. (Paris) France 


U. S. Plants in Canton, Salem and Toledo, Ohio; Hastings, Michigan; and 
San Jose, Calif. Branch Offices in Chicago, Cleveland, Dayton, Detroit, 
Indianapolis, New Haven, NewYork, Philadelphia, Rochester, Toledo, 
Washington, D. C. and Toronto, Canada. 

Other representatives throughout the world, 
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A CLEVELAND 
LWDERDRIVE PRESSES 


ordered for new 
Ford Cleveland stamping plant 


Four of these Cleveland underdrive presses are scheduled for “% 
early installation at Ford Motor Co.’s new Walton Hills Stamping le 
Plant. Why? Because Ford production men have found two im- 
portant operating economies are gained by using underdrive presses. 

Maintenance is obviously far easier. When necessary, major ad- 
justments or repairs can all be made at convenient floor level. 
Hours saved by this convenience are of utmost importance where 
in-line automatic or semi-automatic production techniques are 
employed. 

Underdrive press design minimizes press height on production 
floor. This means better lighting and more freedom of material 
flow. Press area is cleaner and safer for all drive mechanisms and 
attendant oil and grease are in separate area. There are no over- 
hanging projections. 

Perhaps you, too, can use Cleveland underdrive presses to ad- 
vantage. But whether your needs call for single, two or four-point 
presses of overdrive or underdrive design let us show you why 
Cleveland presses are your best buy for operating economy. aa-2 





Cleveland Four-Point Stroke 
Adjustment of Slide 
nd 

Underdrive Press Shut Height 
This dowble-geared, twin-drive press fea- Bed and Slide Area... . 
tures air counterbalance, an air brake on RPM 
the flywheel, a dynainatic clutch and pnev- Capacity 
matic cushions in the bed. 56 ton cushions at 60 Ibs. air pressure, 
8’ travel. 














VELAND 


THE : _ ' 7 ms 
io POWER PRESSES — FABRICATING TOOLS 
PUNCH & SHEAR WORKS CO. | | 
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The Big Trend in Metalworking... 


| WOVE the meh 


lls cheaper than 
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HOW NEW METHODS 
SAVE BIG SUMS 


A Parts are produced primarily 
* by forcing metal into the de- 
sired shape rather than by “re- 
moving” or “machining” it. It is 
far faster... saves tremendously 
in time and labor. 


The amount of metal in the 

initial slug, shot, billet, sheet, 
etc., is only slightly more than the 
total amount in the finished piece. 
Thus scrap and machining are 
held to an absolute minimum. 


Closed die extruding Cold steel 
of heated aluminum reduced extrusion reduced 
production time 99%. scrap 43%. 


D42 








Metalworking plants casting 
about for ways to reduce production costs 
are turning more and more to the newer 
methods of forging, drawing and extruding 
in which metal is being “pushed around” 
rather than “removed.” These processes basic- 
ally are the hot extrusion of alloy steel, cold 
“pressure” forging of aluminum, cold extru- 
sion of steel, and high pressure closed die 
extruding of aluminum and other non-fer- 


rous alloys. Also falling wichin this category 





Hot alloy steel extrusion Metal ee wat ose 
with no 


is now an are often prod 
established art. machining. 
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@ New and improved 
production techniques 
save millions... arouse 


widespread interest 


Actual parts production is cut from hours in typical 
cases to minutes or even seconds. 


Pieces generally have superior finish and improved 
physicals including grain structure. 


Tolerances and uniformity equal or better those 


. of older methods. 


Scrap is greatly reduced and in many cases 


* practically eliminated. 


Unit costs go way down. 


LEMOVINGUt. 





are somewhat older though greatly changed 
and improved methods for the extrusion of 
aluminum, hot forging of ferrous metals, pow- 
der metallurgy, deep drawing of sheet and 
die casting. The most recent developments 
involve variations and combinations of the 
above applied to many products and mate- 
rials. Our engineers are in close daily contact 
with these developments. They'll be glad to 
help apply any of them to your production. 


Call or write us. 


LAKE ERIE ENGINEERING CORP. 
General Offices and Plant: 
507 Woodward Avenue, Buffalo 17, N. Y. 
Reracsis Offices in New York + Chicago + Detroit + Pittsburgh 
Representatives in Oxher U. S. Cities and Foreign Countries 


HYDRAULIC PRESSES « DIE CASTING MACHINES 
ROLLING MILL AUXILIARY EQUIPMENT 





New developments in steel Non-ferrous extrusion instal- 
forging have greatly expanded lations now embrace titanium, 
its anplication. magnesium and newer metals. 
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PACKAGED 
/NSTALLATIONS 


A new service by Lake Erie which en- 
ables you to order an integrated installation 
.including production equipment, tooling 
auxiliary equipment and advisory service 
..from a single source thereby saving time, 
money and trouble. 


Production rates of die cast 
aluminum and zinc parts have 
been upped 20% to 30%. 











Wire and Ribbon Metal 
FORMING MACHINES 


Mounting production costs are driving firms out of the 

competitive picture. Too much scrap metal! Too many single 
operation machines! Too many operators! This whole picture 
can be changed to a highly profitable operation. 

Install a NILSON combination press and 4-Slide forming machine. 
This machine takes wire or ribbon metal directly from the coil, 
straightens, feeds, pierces, blanks, swages, stamps, or coins, 

cuts off and forms . . . automatically in one quick precise operation. 
See the new picture? . . . Increased production! Minimum scrap metal! 
One machine for all operations! One operator! 


For specific recommendations . . . send details of your operation. 


\ wears see ahcemein eR NILSON has been specializing in 
j Ly /t) 1,4 Forming Equipment for over 50 years. 
4 fj 


t THE A. H. NILSON MACHINE COMPANY 
\e 1519 Railroad Avenue e Bridgeport 5, Connecticut 
CHICAGO * CLEVELAND « DETROIT « LOS ANGELES © HAMILTON,ONT , CANADA 





Pressworking 
A bibliography ot '50-'53 AM articles 


Pointers on Finishing Plastics—Apr 17, ‘50, pl00 

Kneading and Coining Make Accurate Type Char- 
acters—June 12, ‘50, p85 

Press Reconditioning Pays Off—Sept 4, ‘50, p124 

Huge Forming Dies Simplify Production of Welded 
Pipe—Sept 4, ‘50, p128 

Reducing Process Makes Precision Tubing G Ac- 
curate Internal Shapes—Oct 2, ‘50, p92 

Spinning Head Sends Head Cost Spinning—June 
25, ‘51, plos 

Stainless Orange Peel Hoids Nitrogen—June 25, 
‘51, pl29 

Heavy Weldments Machined Within 0.002 in.— 
Dec 10, ‘51, pl44 

Automatic Lathe Rolls Oil Grooves—Dec 10, ‘51, 
pl74 

Punching Out Flash on Drill Presses—Aug 18, 
‘52, pl30 

Wet Belt Grinding Speeds Production of Extruded 
Cylindrical Stock—Dec 8, ‘52, p106 

How to Make Impact Extrusions of High-Strength 
Aluminum—July 6, ‘53, p129 

Special Machines Fabricate Jet Frames—July 20, 
53, pi32 

Second Operations on Stampings Show Ingenious 
Tool Engineering—Apr 3, ‘50, p117 

How to Make Extrusions—May 15, ‘50, p105 

How to Design Automatic Stops for Dies—June 
26, “50, p80 

lavestment Castings Depend on Good Pattern 
Tooling—July-10, ’50, p97 

Production Tools Bend Tubing Quickly—July 24, 
“50, p102 

Compound Dies Make Accurate Parts—Aug 21, 
‘50, p 122 

Chain Feed Carries Springs Through Forming 
Die—Oct 2, ‘50, p 86 

Reducing Process Makes Precision Tubing G Ac- 
curate Internal Shapes—Oct 2, ‘50, p 92 

How to Work Tool G&G Die Steels—Oct 16, ‘50, 
pl45 Part 1; Dec 11, ‘50, pl47 Port Il 

First-Aid for Ten Cutting-Die Troubles—Dec 25, 
"50, p96 

Two Steels Make Westinghouse Plastic Molds— 
Jan 8, ‘51, pll2 

Targeting Fixture Boosts Costing Output—Jan 8, 
‘S1, pll4 

How to Spin Metals—Mar 19, ‘51, pl45 

Progressive Dies Adjust Forming Pressure—Apr 2, 
‘S1, pss 

Scrap Suspension Maintains Lead in Progressive 
Die—May 14, ‘51, p140 

Progressive Die Draw-Folds a Split Cap—May 28, 
‘S11, p94 

Design Your Dies for Safety—July 23, ‘51, p134 

Round-Edged Blanks Produced with Rubber Dies 
—Sept 17, 51, pl38 

Shell Molding Produces Precise Big Castings— 
Oct 15, “51, pl26 

How Segmental Dies Can Split Pipes—Oct 15, 
"51, pl27 

Glass Plastics—Easily Worked—Save Time—Sove 
Material—Oct 29, ‘51, pl06 

Clips Iron Out Drawing Wrinkles—Nov 12, ‘51, 
p37 

Controlling Die-Casting Flash—Nov 26, ‘51, p135 

Controlled Pressure Aids Deep Drawing—Dec 10, 
‘51, pl38 

Can Die Clearances Be Excessive?7—Dec 24, ‘51, 
pl0s 

Timed Press Tools Make and Assemble Three 
Parts—Feb 4, ‘52, p95 

Small Dies, Lots and Costs—Feb 4, ‘52, p108 

Multiple Bending Multiplies Production—Feb 4, 
*52, p00 

Tricky Tooling Stomps on Stamping Costs—Feb 
18, °52, p138 

Hot Dimpling Forms Tough Aircraft Skin—Mar 3, 
"52, pl60 

Sectional Dies Are Easier to Finish—Mar 3, ‘52, 
pl6! 

Standardized Die Blocks Cut Tool Costs—Mor 31, 
52, p87 

Racks and Pinions Drive Plastic Mold Cores—Apr 
28, ‘52, p97 

Plastics—Equipment and Techniques—Apr 28, ‘52, 
0107 
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DRAWING AND 
FORMING PRESS 


Typical of Elmes soundly designed and 
constructed hydraulic equipment for 
metal drawing and forming is the press 
shown above. These presses are built in 
single and double-action types (with or 
without cushion) and in triple-action 
type. Equipped with push-button con- 
trols arranged for semi-automatic or full 
automatic operation, and inching for die- 
setting. Rapid traverse to and from work, 
automatic slow-down, and _ protection 
against over-travel and over-pressure. 
Wide range of pressure capacities, from 
50 to 2000 tons or more. 


Elmes versatility in the metalwork- 
ing field is illustrated by the presses 
shown here—just a few of the many 
types available. Whatever your job 
requirements, skilled Elmes engi- 
neers are ready at all times to help 
you solve your hydraulic equipment 
problems on the traditional Elmes 
basis of maximum production effi- 
ciency at minimum cost. 


Another Elmes 

entry into the 

growing field of automation. Fully auto- 
matic, including feed, tube ejection, and 
take-away, and lubrication of tube ends 
prior to reduction. Press illustrated is 
designed to accommodate a wide range 
of tubing lengths. 


This specially designed press accom- 
plishes in a single stroke the shearing, 
riveting, and straightening of forged 
steel work of variable thicknesses. Open- 
side presses available in standard and 
special designs. 


HOBBING 
PRESS 


For die-sinking and 
hobbing — forming 
duplicate die in- 
serts, multi - cavity 
molds, and single 
molds with unusual 
contours. Capacities 
to 5000 tons. 





Write for 
Bulletin 1010-L£ 


Illustrates, describes, 
and gives major speci- 
fications on Elmes 
Hydraulic Metal- 
Working Presses. 
See your Elmes Dis- 
tributor — or write 
to us direct. 


DISTRIBUTORS IN PRINCIPAL INDUSTRIAL CENTERS 


AMERICAN 


FOUNDRIES 


ELMES ENGINEERING DIVISION 


tydraulic presses and equipment .... 1161 TENNESSEE AVE., CINCINNATI 29, OHIO 
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the right 
combination 
for pressroom 
PMibgey PF wared, | 


LITTELL 
ROLL FEED 


mounted on 
a new punch press 
































Precisely the right roll feed 
for your needs is in the com- 
plete Littell line ... what- 
ever the make or size of 
your press. 


Write for the LITTELL Roll Feed Catalog 


4105 N. Ravenswood Ave., Chicago 13, ill. 
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Pressworking .. . continued 

How to Keep + 0.0002-in. Accuracy Throughout 
Press Operations—May 12, ‘52, p132 

Tubes from Slugs—125 Extrusions Per Minute— 
May 26, °52, p100 

Adjustable Cams Time Bending—June 9, ‘52, p155 

Tricky Tooling Turns Out Tubes—June 23, ‘52, 
p97 


Cams Drive Small Cores in an Injection Mold— 
June 23, ‘52, pll0 

Die Quenching Precision-Forms Tough Alloys—July 
7, ‘52, pi2s 

Gate Guards Give Greater Press Safety—July 7, 
‘52, pl30 

Simple Zinc-Alloy Dies Speed Small Orders—July 
7, ‘52, pi38 

Compound Dies—July 21, ‘52, p104 

How to Bend High-Strength Extruded Shapes— 
July 21, 52, pll5 

6-Stoge Progressive Die Forms Heavy Stock—Aug 
18, ‘52, pl12 

Ingenious Tools Make Complex Metal-Powder 
Parts—Sept 1, ‘52, pl05 

Don’t Overlook Operator Safety in Press-Tool De- 
sign—Sept 1, “52, p12! 

Reset-Pawl Tolerance Held by Powder Metallurgy 
—Oct 13, ‘52, pl26 

Low-Cost Methods Speed Die Construction—Dec 
8, ‘52, p93 

How to Design Strippers and Ejectors for Progres- 
sive and Forming Dies—Mar 30, ‘53, p95 

How Sylvania Fashions Fluorescent Fixtures—Apr 
13, ‘53, p127 

How to Apply Strippers, Pressure Pads and Knock- 
outs to Compound and Draw Dies—June 22, ‘53, 
pi2s 

Further Thoughts on Shaving Dies—July 20, ‘53, 
pi44 

Punch Press Tooling Works from Cams—Makes 
Cams—Sept 18, ‘50, p106 

How to Choose Trim Dies for Drawn Shelis—Oct 
30, ‘50, p85 

Steel Prop Blades Extruded with Internal Toper— 
Mar 5, ‘51, p28 

Complete Stock Handling Automatizes Punch Press 
—Jan 9, ‘50, p124 

Billets Cut to 0.008-in. Accuracy in 700-Ton 
Bethlehem Shear—Jan 9, ‘50, p153 

How to Boost the Output of Multiple-Slide Presses 
—Feb 6, ‘50, p73; Feb 20, ‘50, p124; Mar 20, 
‘50, plo0 

Scrap-Strip Allowances for Blanking Dies—Feb 6, 
"50, p36 

Stop Punch-Press Accidents—Feb 20, ’50, p97 

Sectional Dies Cut Costs—Feb 20, ‘50, p12! 

Designing Two-Station Progressive Dies—Mar 6, 
"50, p92 

Zipper Die Closes G Crimps Tube Seam—Mar 20, 
‘50, pl21 

Second Operations on Stamping Show Ingenious 
Tool Engineering—Apr 3, ‘50, pl17 

Designing Flexibility into a Press Shop—Apr 3, 
‘50, p133 

Horn Dies Will Do Many Jobs—Apr 3, ‘50, p149 

Follow-Die Accurately Blanks G Shaves—aApr 17, 
"50, p97 

Make the Guard Part of the Die—May 15, ‘50, 
p96 

How to Select A Mechanical Press—June 12, ‘50, 
plo1 

How to Design Automatic Stops for Dies—June 
26, 50, p80 

Five Benefits of Die Interchangeability—June 26, 
‘50, p00 

Small Short-Run Parts Made by Rubber-Die Proc- 
ess—Aug 21, ‘50, pl02 

Compound Dies Make Accurate Parts—Aug 21, 
"50, pl22 

Press Reconditioning Pays Off—Sept 4, ‘50, p124 

Huge Forming Dies Simplify Production of Weided 
Pipe—Sept 4, ‘50, p128 

Chain-Feed Carries Springs Through Forming Die 
—Oct 2, ‘50, p86 

Stacking Chutes Protect Laminations—Oct 2, ‘50, 
pil4 

Hammer Isolation Proves Its Worth—Oct 16, ‘50, 
pl36 

Trim Dies for Drawn Shells—Oct 30, ‘50, p85 

Choose From 24 Cutoff Dies—Nov 27, ‘50, p96 


for AUTOMATION 


on slitter, shear 
or punch press 


coil stock 


converted to workable 
flat stock 


pyo LIT TELL 


Variable Speed 
Straightener 


Model 412-5PD 

soloungnt tts 
s 

to aR thick x 12” wide. 


in this 
simple setup 


as 








sr 











W—- 
———- 














Coil stock comes out of a Littell Straightener 
commercially flat, in perfect condition for ac- 
curate, automatic, high speed work on punch 
press, shear or slitter. The right straightener 
for your requirements is in the complete Littell 
line. Write for the Littell Straightener Catalog 


4105 N. Ravenswood Ave., Chicago 13 
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PRECISE FILLING 
OF DIES by new Baldwin powdered metal presses 
makes compacts more uniform... 


ye highly efficient shuttle type feeders enable Baldwin’s new 
Model “L” and Model “C” powdered metal presses to compact parts much more uniformly. Air operated and cam 
controlled, this unique feeder moves from under a stationary hopper to a position over the die. It carries the same 
volume of material over the die cavity each time with a very smooth motion. 

This shuttle is supported on guide rods with a spring loaded cutoff ring which prevents loss of material. Cleanline 
design of the feeder eliminates those recesses or projections that might keep the powder from filling the die cavity 
completely. 

This is just one of the ways you'll benefit by specifying Baldwin Model “L” (50-ton) or Model “C” (100-ton) 
presses to meet the growing demand for powdered metal parts. These new presses are the very first designed specifically 
for use in compacting metal powders. Both feature sealed mechanisms, hydraulic heads, special fill adjustments, auto- 
matic lubrication and variable cycling. 


For our new bulletins on “L” and “C” please write promptly to our Dept. 4702, 
Baldwin-Lima-Hamilton Corporation, Philadelphia 42, Pa. 


BALDWIN-LIMA-HAMILTON 


Philadelphia 42, Pa. © Offices in Principal Cities 
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SELECT THE RI RIGHT PRESS 


Floor Model TON << Th 


«+ With 


PROFIT- PERFORMANCE 


‘built-in’! 


Me ane og POWER a 
, engineered to A your pextianen aoots 





These se 
production with the lowest operating costs: 


@ Bronze bushed mein bearings @ Automatic cacn actuated brake 


© Greater die space 

@ Rugged special cast alley frame 
@ Roller bearings in fywheel 

@ Triple ramway lubrication 


The PRESS-RITE line is ayn with 8 models having capacities from 


6 to 85 tons. One of the presses was built to do your 
Thousands 


of Preas-Rites are in use daily in leading manufacturing plants. 
Write for the PRESS-RITE catalog—P552—showing the complete 


line, with specifications and low prices on ail 


" 


6 PUNCH PRESSES Q 


Send us yc ur drawing or sample. 

Our engineers will gladly help you 

select the right press for your job. There 

Is ne obligation for this helpful Press-Rite service! 


Sales Service Machine Tool Co. 


PRESS RITE PRESSES - SHAPE RITE SHAPERS + KELLER POWER HACK SAWS 
2347 UNIVERSITY AVENUE - ST. PAUL 4, MINNESOTA 





designed 
by men =— 
your p are built for smooth, eas 

tion . . . for trouble- service month after mon 
rose Rite features assure you the highest level of 








From the American Machinist Library 
of Tips for Top Shop Men 


NLY two of your possessions increase in value 

proportionally with price inflation. One is time, 
the other knowledge. You can employ both produc- 
tively to build security, or squander them, 














Pressworking . . . continued 


Die-Life Test Cuts Cost of Laminations—Nov 27, 
‘50, p00 

Progressive Dies Make Precision TV Parts—Dec 
11, *50, p133 

First-Aid for Ten Cutting-Die Troubles—Dec 25, 
‘50, p96 

Power Spinning Eliminates Annealing G Descaling 
—Dec 25, ‘50, pll4 

Pad Your Trimming Dies with Economical Zinc— 
Apr 16, ‘51, pl36 

Progressive Die Mokes Tiny Cups—June 11, ‘51, 
pi38 

Switches Control Progressive Die—June 25, ‘51, 
pli2 

Five Ways to Form Gears—Aug 20, ‘51, p103 

Cored Forgings Cut Production Costs—Oct 1, ‘51, 
p140 

Shell Molding Produces Precise Big Castings— 
Oct 15, ‘51, pl26 

How Segmental Dies Can Split Pipes—Oct 15, ‘51, 
pl27 

Straight Forming Licks Nitralloy Job—Oct 15, ‘51, 
p133 

Quality-Control Charts Boosts Forge-Shop Per- 
formance—Oct 15, ‘51, p154 

New Investment Casting Foundry Features Latest 
Techniques—Jan 7, ‘52, p128 

Four Feeds Automatize Punch Press—Jan 7, ‘52, 
pl32 

How to Cast Constant-Tolerance Forming Dies— 
Feb 4, ‘52, pill 

Open Die Forges Titanium Cones—Feb 18, ‘52, 
p36 

How to Roll Back Forming Costs—Mor 17, ‘52, 
p52 

How to Shear to Closer Limits—May 26, ‘52, p102 

Coining Controls Thickness and Location of Shell 
Flange—May 26, ‘52, p106 

Hollow Extruded Forgings Conserve Critical Mao- 
terials—June 9, ‘52, pll9 

Plow Mold Boards Press-Formed To Shape—June 
9, ‘52, pl22 

Feeders and Retrievers Aid Lamination Blanking 
—dJune $, ‘52, p128 

Stacked Conveyors Bocst Pressline Filexibility— 
June 9, ‘52, p132 

Gate Guards Give Greater Press Sofety—July 7, 
"52, p130 

Hot Molding Increases Scope of Powder Metallurgy 
—July 7, ‘52, p 132 

Simple Zinc-Alloy Dies Speed Small Orders—July” 
7, ‘52, p138 

Skilled lnavestment Castings—July 7, ‘52, p41 

Pierce, Draw, Hollow Steel Forgings to 13 Tons— 
Aug 4, ‘52, pl46 

Nibbling Die Slides Away From High Costs—Aug 
18, ‘52, pi29 

Punching Out Flash \Jn Drill Presses—Aug 18, 
‘52, p 130 

New Stretch-Forming Techniques—Sept 1, ‘52, 
pli3 

Pair Forging Makes Giant Rotor Disks—Sept 1, 
52, p138 

Cartridge Cases Are Drawn from Hot-Forged Cups 
—Sept 15, ‘52, p15! 

Dodge Automates Press Forging—Sept 29, ‘52, 
p23 

Follow 22 Steos in Die Settina—Oct 13, ‘52, p128 

Upset Beading Die Cuts Job Time 98%—Oct 13, 
‘52, pl60 

Latest Improvements in Press Automation at Ford 
—Dec 8, ‘52, pl09 

Retriever Unloads Diecaster Automatically—Dec 
22, ‘52, pl00 

Pontiac Cold-Extrudes Rocket Projectiles—Jan 5, 
‘53, pills 

75,000-Ton Throotless Forging Press Being Planned 
for Future Planes—Jan 5, ‘53, pl22 

Flanged Parts Made by Splitting Flat Stock—Feb 
2, ‘53, pl20 

Flame Beats Sugar for Lengthening Die Life— 
Feb 2, ‘53, pl22 

What Are Significant Features of Shaving Dies— 
Feb 16, ‘53, pl44 

Non-Destructive Testing Reveals Casting Defects 
—Mar, ‘53, pl17 

Progressive Die Has Two Tap Heads—Mar 2, ‘53, 
pl26 
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LESS SCRAP 





BUY MINSTER 
AND BE SURE 
YOU GET THE 
RIGHT PRESS 
FOR THE JOB 









a4 






Mhis week in 
machine time, 
sfand rehandling? 













Minster Presses cut scrap loss, save 
you money because they provide: 






Minster 


Series 1 O.B.1. Presses 





1. Greater frame rigidity, with less 
deflection. 






2. Extra long ways and gibs, widely 
i spaced and precision finish:.d, assure 
=i el | slide and bed parallelism. 
lht 1% 3. Fast action, controlled cycling with 
: Minster’s patented Air Operated 
uh 4 ae Combination Friction Clutch and 
ry T Brake. 
4. Minster Controls combine with fast 
clutch action to help reduce scrap 
caused by misfeeding. 











: 
. 
A 






Build a sound replacement program 
modernize with Minster Presses 


THE MINSTER MACHINE COMPANY 4 NSTE R. 


MINSTER, OHIO P RES§&s SE § 






Minster Minster 
Series S-1 Presses Series S-2 Presses 
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UNITED 


DE oe gov ok Byam tice 
and FIXTURES 


BATH TUBS TO BOMB CASINGS 


Here are a few of the wide range of products made from dies produced 
by UNITED Tool and Die, Inc. 


Included in this group is a Spinner Basket for a leading washing machine 
manufacturer, a bath tub stamping for another well-known manufac- 
turer and a small stamping for the producer of various sizes of roasters. 


The point is that regardless of the depth of draw or the size of the 
stamping required UNITED has the Engineering Organization — the 
Shop Facilities—and the experienced “Know-how” to produce the dies 
to help you solve your production problems. 


DO YOU HAVE WARPAGE PROBLEMS IN 
PORCELAIN ENAMELING YOUR FLAT PANEL WARE? 


Let us help solve your porcelain panel problems. We have developed special die 
techniques which assure porcelain panels thru furnace without warpage. Let us 
consult your engineers on any die problems. 








TUBE END FORMING MACHINERY 


for 
Beading—Flaring—Flanging—Expanding—Reducing 
—Sinking—Swaging—Grooving—Double Lap Flar- 
ing and Flanging 4%" to 442" TUBING 
Write for General Bulletin G-3 


VAILL Engineering Company 


137 E. MAIN ST., Rear WATERBURY 20, CONN. 





D50 








Pressworking ... . continued 

Zone-Heated Dies Deep-Draw Thin Megnesium— 
Apr 27, ‘53, pl29 

Carbide Cold-Heading Dies—Apr 27, ‘53, p138 

Finned Coils Made Autematically—May 11, °53, 
p133 

How Delco-Remy Cold-Forms Metals—July 20, 
‘53, pl3s 

Know Your Terminology for Drawn Shells—Aug 3, 
‘53, pllo 

Universal Locator Sets Up Aircraft Fixtures—Nov 
27, ‘50, pl25 

Targeting Fixture Boosts Casting Output—Jan 8, 
‘SI, pll4 

induction Furnaces Reduce Die-Casting Rejects— 
July 9, ‘51, pl36 

Spotwelder Doubles As Hot Upsetter—Oct 1, ‘51, 
pl34 

Quality Control Charts Boost Forge-Shop Per- 
formance—Oct 15, ‘51, pl54 

Hot Air “Welds” Plastics—Nov 12, ‘51, plé4 

Timed Press Tools Make and Assemble Three Parts 
—Feb 4, ‘52, p95 

Sandwich Structures Are Simple—May 26, ‘52, 
plis 

Glass Plastics—Easily Worked—Save Time—Save 
Material—Oct 29, ‘51, pl06 

Troubleshooting Phenolic Plastics—-Nov 12, ‘51, 
pl44 

Plastics-Equipment G Techniques—Apr 28, ‘52, 
p07 

How to Apply Metal to Glass and Ceramics—July 
7, ‘52, pi47 

Ceramics Shield Stainless for Jets—July 21, °52, 
p99 

How to Make Impact Extrusions of High-Strength 
Aluminum—July 6, ‘53, pl29 

Ford Makes Headlight Liners in Progressive Dies 
—Mar 16, ‘53, plé9 

Reference Tables Help You to Shear Economically 
—Apr 13, ‘53, pi5! 

Forge with All-Hydraulic Control—July 6, ‘53, 
p154 

“Christmas Tree” Slotting Job Calls Back Old 
Planer—Dec 25, ‘50, p85 

Converted Filer Laps Jet Blades at Wright—June 
14, ‘51, pl36 

Magnetic Chucks Halve Planing Time—June 28, 
‘51, ploo 

Solid Carbide Saws Cut Clean and Fast—June 28, 
‘51, pl20 

Able Accessories Aid Drilipress Action—July 23, 
‘51, pi52 

Molding Blades Milled to Shape with Special 
Workholder—Feb 4, ‘52, pl06 

Surplus Borer Teoled for Spheres—Feb 4, ‘52, p110 

Good Tools Pius Experience Make Better Gears— 
Feb 18, ‘52, p140 

COs Cocts Tools—Mar 3, ‘52, p129 

We Buy Tools fr.2m Past Performance—Apr 14, *52, 
pl74 

Interchangeable Mandrels Cut Hobbing Costs— 
May 12, ‘52, p38 


“Please . .. you're foggin’ the figures!” 
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DESIGN AND DEVELOPMENT ENGINEERS! 
HERE’S A SURE CURE FOR YOUR 





Instrument Case 
Problems! 


aun 


SPINNING, 7 ta PUNCHING, DEEP 


DRAWING, HYDROFORMING, ANNEALING, 
SPOT WELDING, ASSEMBLING, TOOL MAKING 


Kaupp can supply your instrument cases to exact 
specification quickly and economically. Special 

and sizes are a specialty at Se. and, 
in most cases, can be turned out on reasonably short 
notice. Kaupp has the experience and the metal 
working facilities for precision forming of intricate 
shapes to close tolerances. Gauges .002 to % stock 
in stainless steel, Inconel, aluminum, cold rolled 
steel, brass and other alloys. Check with Kaupp on 
your metal parts needs, now! 


c.B. KAUPP 2 SONS 


NEWARK WAY © MAPLEWOOD + NEW JERSEY 


R The ne 


W 16 po ™ 

Chure : 4 

Metal ee complete ay in “PP Bro. a 

facilitj rming a sub mation on ¥ 
es, Cal ~ “assembly 

COpy, today! wr rite for your 





Lat 


PRODUCTION AND DEVELOPMENT METAL FORMING FOR ELECTRONICS, 
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The PERKINS 3-H-36 PRESS 


ARRANGED FOR 
HIGH SPEED PRODUCTION! 


45 Ton Capacity with Air Clutch and Air Brake. 
Front to back Feed Rolls. Presses of this type built 
in capacities from 20 to 200 Tons. Bed widths up 
to 72”. Can be furnished plain or geared. 


PRESSES BUILT TO SPECIAL SPECIFICATIONS 


PERKINS MACHINE CO. 
WARREN, MASSACHUSETTS 











From the American Machinist Library 
of Tips for Top Shop Men 


HERE’S always a way. Remember the college 
that got a bequest of several hundred thousand 
dollars for a new girls’ dormitory—which the will 
stipulated must be surrounded by a 20-ft wall. A 
smart trustee suggested the bequest be accepted and 
the dorm be built—with the wall in a 20-ft trench. 











MANUFACTURERS’ 
FREE LITERATURE 


STRIP FEED PRESS—Baldwin-Lima-Hamil- 
ton Corp, Philadelphia, Pa. 4-page bulletin 1352 
describes No. 401 Hamilton unit for single and 
multi-die operations. Design, operation, and speci- 
fications given. 


HYDRAULIC PRESSES & EQUIPMENT— 
R D Wood Co, Public Ledger Bldg, Independence 
Square, Philadelphia 5, Pa. 11-page illustratec. 
brochure contains basic press specifications in ad- 
dition to high-pressure hydraulic valves, accumu- 
lators, and shock alleviators. 


SS PRESSES—Dreis & Krump Mfg Co, 7400 S 
Loomis Blvd, Chicago 36. 4-page circular SS-54 
describes line of Chicago SS presses from 30 to 
400 ton capacity, relatively large die area; also 
shows press brakes. 


INCLINABLE PRESSES—Niagara Machine & 
Tool Wks, 637 Northland, Buffalo 11. 18-page 
bulletin features Series AA open-back inclinable 
punch presses with electro-pneumatic clutch. Ex- 
tensive coverage on units from 4% through 7%- 
ton size is included in detailed text and illustra- 
tions including operating instructions and specifi- 
cations. 


ARBOR PRESSES—HYDRAULIC PRESSES 
—Greenerd Arbor Press Co, Nashau, NH. 12- 
page bulletin 41 covers hand-operated arbor 
presses with capacities from % to 20 tons, includ- 
ing standard, armature, and geared types. Bul- 
letin 54 shows hydraulic presses in sizes from 1% 
to 75 tons, including a new 15-ton model built to 
JIC standards, 


POWER PRESS BRAKES—Airtherm Mfg Co, 
763 South Spring Ave, St Louis 10, Mo. 16-page 
booklet on Metalworker line gives specifications 
on six series for sheet metal and plate, Applica- 
tions possible with various dies illustrated; op- 
tional features described. 


HYDRAULIC PRESS—Stanley H Holmes Co, 
3300 W Lake St, Chicago 24. 12-page specifica- 
tions manual covers combination hydraulic forc- 
ing and straightening press of 5 to 50 ton capaci- 
ty, strokes from 10 to 30 in., motor input from 2 
to 10 hp. Forcing or straightening tables may be 
attached; motor and pump panel swings out for 
servicing. 


PRESSES—Interstate Machinery Co, 1431 W 
Pershing, Chicago 9, Ill. 16-page booklet, “How 
to Choose the Right Press,” discusses factors in 
selecting correct press, type of power, frame de- 
sign, important accessories. 


INVERTED HYDRAULIC PRESSES—Wal- 
ter P Hill, 22183 Telegraph Rd, Detroit 19. 
Mich. 2-page catalog sheet describes line adapted 
to bending and extrusion operations on tubular 
parts, as well as upsetting, drawing, and coining, 
requiring special equipment on standard presses. 
Data and specifications provided for three types. 


KNUCKLE PRESS—Verson Alisteel Press Co, 
9316 S Kenwood Ave, Chicago 19, Ill. 8-page il- 
lustrated bulletin K-53 includes design details, 
typical models, and specifications on complete 
line for squeezing operations such as coining, em- 
bossing, or sizing. 


FLEXIBLE-POWER PRESSES—General Mfg 
Co, 6430 Farnsworth Ave, Detroit 11, Mich. 
4-page bulletin 401 provides illustrated informa- 
tion on units, accessories, and straightening at- 
tachments; includes applications. 


DIE-CASTING MACHINE—Cleveland Auto- 
matic Machine Co, Cincinnati 12, Ohio. 4-page 
folder describes two smallest machines in the 
Cleveland line; Model 50, for aluminum, brass, 
or magnesium alloys (change of hot metal end 
equips unit for casting zinc, tin, or lead) ; Model 
100, for zinc, tin or lead (end can be changed to 
convert to cold chamber.) Specifications included. 


PRESSES—Leke Erie Engrg Corp, Woodward 
& Riverview, Buffalo 17, NY. 16-page illustrated 
sectionalized bulletin 10.1 covers hydraulic bend- 
ing, straightening, and plate-forming units. Gap- 
type, traveling head, column and side-plate units, 
and special designs described. 


TUBE BENDING PRESS—Pines Engrg Co, 
601 Walnut St, Aurora, Ill. 4-page illustrated 
bulletin describes mechanical features of 20-ton 
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INSIST ON THIS 


on “4 our 
next | i Seen 


hydraulic : Ay 


at a 


All of the many types of R. D. Wood 
Company Hydraulic Presses* have a 
common denominator. Every single one 
is an efficient, long-lived, profit-making 
production tool. Service records of 

25 years and more on presses bearing the 


Wood name are not at all unusual. 


So, when you start looking for a hydraulic 

press of any type—don’t forget to get in 

touch with Wood Engineers. They might 

well be able to prescribe the best and il 100-Ton Open-Gap 


Forcing Press—Svitable For 


quickest answer to your needs. Diversified Operations In General 


, ° Machi An i 
Write today for full details on our ee ee 


complete line of Hydraulic Presses *K The many types of R. D. Wood 
and Equipment. Hydraulic Presses include presses for 


BENDING FORCING 
COINING FORGING 
COGGING FORMING 
CRIMPING STRAIGHTENING 
DRAWING UPSETTING 
EXTRUSION 





Rg. DBD. WOOD COMPANY 
PUBLIC LEDGER BUILDING © PHILADELPHIA 5, PENNSYLVANIA 


Representatives in Principal Cities 
fr 
a 
=~ d 
2 wl 
MAKERS OF HYDRAULIC PRESSES AND VALVES FIRE HYDRANTS CAST-IRON PIPE GATE VALVES GAS PRODUCERS ACCUMULATORS 
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NO FASTER WAY TO BEND 


Angles, leg-in or leg-out 
Flats on flat or on edge 
Channels, flanges in or out 
Beams on flanges 

Rounds — squares — pipes 


INTO ARCS, CIRCLES, SPIRALS 


BENDING 
ROLLS 


Here’s high production of 
commercially perfect cir- 
cular shapes for countless 
products ! “Buffalo’’ Bend- 
ing Rolls are easy to oper- 
ate, require no tooling for standard shapes, use quick- 
change rolls. Sizes from light metals Aircraft Type 
Rolls to large vertical or horizontal types for heavy 
structurals. Write for Bulletins 3344-A and 352-B. 


BUFFALO FORGE COMPANY 
509 Broadway Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


DRILLING PUNCHING SHEARING BENDING 














Tough mark to beat! | 





SPECIAL ALLOY 
STEEL STAMPS 


These stamps are made of the finest 
ulloy steel, heat treated to stand con- 
tinuous impact without breakage of face 
or mushrooming of body. They are 
made for marking flat or contoured 
surfaces. 
There is a stamp for 
marking every pro- 
duct from pig iron to 
welding rings, watch 
cases and silverware. 
Letters and figures of 
any style may be had. 
The practical range of 
face sizes is 1/32” 
to 1/2”. Special 
stamps for marking 
wood, either way of 
grain, are also 
available. 


The Hoggson & Pettis Mfg. Co, 


147 Brewery St., New Haven, Conn, 


STEEL STAMPS & 


Stout TMP R ES SI eS 





MANUFACTURERS’ FREE LIST . . . continued 


hydraulic unit for handling pipe and tube sizes up 
to 2 in. OD x 0.083 wall. Applications and speci- 
fications included. 


OPEN BACK INCLINABLE PRESSES—Ni- 
agara Machine & Tool Works, 637 Northland 
Ave, Buffalo 11, NY. 20-page bulletin 57A de- 
scribes features of Series AA. Specification tables 
and die space dimensions for the 8-press line 
included. 


KNUCKLE-JOINT PRESSES—E W Bliss Co, 
1375 Raff Rd S, Canton, O. 24-page catalog 12-B 
shows features, construction, and operation of 
complete line with capacities from 75 to 10,000 
tons in 40 standard sizes. Single, double, and 
non-geared presses are illustrated, Bliss clutches 
are detailed, and special-purpose presses are 
described. Accessories such as automatic feeds, 
standard dovetails, and overhead relief beds. 


COMPACTING PRESS—Baldwin-Lima-Hamii- 
ton Corp, Philadelphia 42, Pa. 4-page bulletin 
3104 describes Model L., 50-ton powdered metal 
press. Design specifications listed; table of fea- 
tures explains how press is designed. 


PRESS BRAKES—Niagara Machine & Tool 
Wks, 637 Northland Ave, Buffalo 11. 32-page 
Bulletin 89-C covers series N and E press brakes 
with double-end twin drives and rigid frames, in 
capacities from 50 to 775 tons. Booklet lists fea- 
tures, shows fundamentals of press-brake work. 


DROP HAMMERS—BErie Foundry Co, Erie, 
Penna. Bulletin 355, with 20 pages, illustrates 
and describes steam drop hammers rated at from 
1000 to 70,000 pb. Table of standard dimensions, 
general specifications, drawings and photos, and 
illustrations of applications are included in the 
booklet. 


IRON HAND AUTOMATIC UNLOADING 
MACHINES—Sahlin Engrg Co, 267 Ferndale, 
Birmingham, Mich. 16-page brochure describes 
and illustrates various designs of units for 
presses. Swinging arm and floor-type machines 
included, plus six designs of special-purpose grip- 
ping jaws. 8-page catalog 10 gives operating in- 
structions and parts lists for machines, major 
assemblies, and jaws. 


PRESS ACCESSORIES—Durant Tool Supply 
Co, 155 Orange St, Providence 3, RI. 16-page 
bulletin covers roll feeds, reels, cradles, oilers, 
straighteners, and foot presses including specifi- 
cations and prices. 


PRESSURE PROCESSING EQUIPMENT— 
Hydraulic Press Mfg Co, 830 Marion Rd, Mount 
Gilead, Ohio. 4-page bulletin 5401 lists 19 differ- 
ent types of hydraulic presses and machines, plus 
line of components. Each unit illustrated, with 
summary of its uses and sizes. 


PRESSROOM EQUIPMENT — Durant Tool 
Supply Co, 155 Orange St, Providence, RI. 15- 
page catalog illustrates complete line, including 
new series of safety guards. 


HYDRAULIC OVERLOAD PITMAN—Day- 
ton Rogers Mfg Co, 2824 13th Ave; Minneapolis 
7, Minn. 4-page form 205 provides facts, specifi- 
cations, operational data, on connecting member 
for crankshaft presses. 


SQUARING SHEARS—Niagera Machine & 
Tool Works, Northland & Longview Sts, Buffalo 
11, NY. 40-page bulletin 69D describes features 
of the Underdrive units, Specifications included 
for each of 48 models in the 9-series line with 
shearing capacities ranging from shim stock to 
l-in. thick mild steel, lengths 3 to 20 ft. 


STRAIGHTENERS—Sutton Engrg Co, Belile- 
fonte, Pa. 8-page bulletin 25 describes varied line 
of equipment for different applications. Photo- 
graphs of 5-roll and 7-roll units provide detail. 


WIRE STRAIGHTENING & CUTTING MA- 
CHINES—Mettler Machine Tool, 1332 Lew- 
rence St, New Haven, Conn. 4-page bulletin 
58 illustrates and describes line of constant 
speed automatic units, ranging in capacity from 
0.025 to %-in.-dia wire. 


POWER SHEARS—Cleveland Crane & Engrg 
Co, 1127 E 283 St, Wickliffe, Ohio. Illustrated 
catalog 2011-E covers Steelweld pivoted-blade 
shears. Dimensions and specifications given for 
31 sizes ranging from 6 ft by 10 gage to 12 ft by 
l-in. capacity. 
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make your me ORs “y it eC 


IT’S EASY WITH 
WITTEK ROLL FEEDS 


Wittek automatic roll feeds are readily 
attached to any make or size of punch press 
for maximum production. Standard sizes in 
a variety of models meet a wide range of 
press size and capacity requirements. Each 
can be used for either push or pull feed in 


any of the four directions. 


The operation of the Wittek feed assures 
an accurate feed with any coiled material. 
Standard units are available in various 
models to accommodate widths of material 
up to 16 inches. Simple adjustments for 
lengths of feed permit quick change from 


one job to another. 


A typical application of Wittek 
automatic roll feed and reel stand 
for making punch presses avtomatic. 


and WITTEK REEL STANDS 


The Wittek reel stands facilitate the handling of 
coiled strip or wire for automatic feeding <o punch 
presses and other machines. Several sizes of stan- 
dard reels accommodate a range of coil weights up 
to 800 pounds, with widths to 12 inches on the 
heavy duty model. Each reel can be adjusted to 
any angle and height to meet the particular 
requirements. 

Write for re dati: on Roll Feeds 

and Reel Stands to meet your requirements. 





Model 3-HD Wittek reel stand with auto- 
matically expanding coil holders for easy 


Butomatic . centering of coil and automatic friction 


brake to prevent overrunning of stock. 
ROLL FEEDS wi 
co. 
AND 


REEL STANDS WITTEK MANUFACTURING COMPANY 


4320 West 24th Place @e Chicago 23, Illinois 
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Then check up on Rousselle—for every- 
thing about them is aimed at achieving 
just that. 

It took down-to-earth planning, stress- 
ing ruggedness and simplicity, along 
with accurate machining and “close- 
tolerance” assembly to bring out these 
rigid, high-output units—THAT COST 
SO LTTLE—DO SO MUCH—RE- 
QUIRE SO LITTLE MAINTENANCE! 


That's why they’re used throughout 
industry to shear, punch, bend and 
form metals; cut and punch paper; 
form and trim fibre, plastics, etc. 


YOU'LL LIKE THE PRICE—when you 
get our quotation and compare speci- 
fications and quality. So let our en- 
gineering staff assist you—often they 
can suggest worthwhile savings—no 
obligation. Simply explain the prob- 
lem and send 
sample or draw- 
ing of work. 








ths 


Rousselle 
Presses are 
Sold 
Exclusively 
through 
Leading 
Mechinery 
Dealers 


| - 


Rovusselle Presses are Manufactured by 


SERVICE MACHINE CO. 


7627-33 $. Ashland Ave., Chicago 20, Illinois 
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METALWORKING TIME-SAVER: 
DOES UP TO 5 OPERATIONS! 


° 











® Cuts © Punches © Shears 

@ Notches ©® Copes 
Be usa eaceine in = 
shop” is what they're calling this 
fast, powerful, versatile metal- 
worker! Punchi and cutting 
operations can be done simultane- 
ously, Carefully engineered for 
accuracy and long life under the 
heaviest schedules. Rigid frame is 
heavy electrically welded steel 
plate. One-shot lubrication system. 
If you do a variety of punching, 
shearing and cutting, write for 
Bulletin 360 now for facts on this 
machine which takes the space of 
one machine—takes the place of 
five ! 


BUFFALO FORGE COMPANY 
509 Broadway Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


DRILLING PUNCHING SHEARING BENDING 











IF 
THIS IS YOUR 


PROEL 




































































THIS IS YOUR 


The publications specialists of McGraw-Hill TECHNICAL 
WRITING SERVICE will write, edit, illustrate, design, and 
print your business literature for you. Save money and time 
in the production of Equipment Manuals, Product Bulletins, 
Handbooks, Company Histories, Annual Reports, and other 
such vital material. Let our staff 

be your staff for Technical 

and Business publications. 


This service is available through ad agencies. 
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PRESS BRAKES | 
SS PRESSES 


With Large Die Area 


FOLDING BRAKES 


Single or Double Leaf 


BENDING BRAKES 





The Series D Heavy Duty Cuicaco Press Brake. There 
are 42 standard sizes of CHICAGO press brakes in capaci- 
ties for bending sheet metal 48 inches by 18 gauge and 
steel plate up to 8 feet by % inch or 16 feet by 7/16 inch. 
The design of any model CuicaGco press brake can be 
modified to meet special conditions. 


A Series D Cuicaco SS Press with die area 50 inches 
by 14 feet for handling over 100 punching and notch- 
ing operations in a single stroke on sheet steel. Other 
models of Cuicaco SS Presses with large die area 
have capacities from 30 to 400 tons. 


The Cuicaco Power Folding 
Brakes are made with single or 
double leaf to suit individual re- 
quirements for either sharp or 
radius bends on liners and outer 
shells for stoves, freezers, unit 
heaters, cabinets, hot water heat- 
ers, air conditioner units, tele- 
vision cabinets, refrigerators, etc. 


CHICAGO Power Bending Brakes for single or 
quantity runs bending sheet metal and steel 
plate. Standard sizes range from 4 to 16 feet 
in capacities up to %-inch plate. 





HN 


Full particulars on any of these machines and 


recommendations for any job on request 


MANUFACTURING: 
COMPANY 


7434 5S. Loomis Boulevard 
Chicago 36, Illinois 











For Light Work on Small Power Presses 
Where Extreme Accuracy Counts... 


DANNEMAN 
- DIE-SETS 


© Surfaces precision ground. 

© Die shoes and punch holders pre- 
cision bored on master-plates. 
Leader pins and bushings as- 
sembled with cylinder square 
fixtures assuring accurate align- 
ment. 
Absolute interchangeability be- 


tween die shoes and punch 





When Your 
Punch Press 


Operators 
Use 


PREVENTS INJURY — 

Saves Glove Costs. 

Feeds ferrous, non-ferrous 

Strip or sheet . . . faster, 

safer. Use for ome 

shearing. Right or le 

hand non-slip fitted grip, 

self - adjusting. Sturdy 

hardened work surfaces. Fully Guaranteed 


Write today. AFFILIATED MACHINE & TOOL COMPANY 
Early delivery.260 West St., New York 13, N.Y. CAnal 6-4938 





holders. 
Solid shank punch holders fur- 








nished in diameters from |" up 
to and including |'/2". 

Style "B" Die-Sets can be fur- 
nished in combinations as 
illustrated. 

Style "B" Die-Sets carried in 
stock in the following die areas: 
3x3, 4x3, 4x4, 4x5, 4x6, 5x3, 
5x4, 5x5, 6x3, 6x4, 6x5, 6x6, 
7x3, 7x4, 7x5. 


Write for information! 


DANNEMAN DIE-SET DIVISION 


9 ACME-DANNEMAN CO., Inc. 
213 Lafayette St.-New York 12, N. Y. 


1 out of 5 units are 20 years old 


More than half a million machine tools 
and metal-forming-equipment units al- 
ready installed in the nation’s metalwork- 
ing industries were, in 1953, over 20 years 
old. Did your plant help boost the 1 out 
of 5 average? 














ALLEN 2-TON POWER 
BENCH TYPE PUNCH 
PRESS 


A RUGGED, RELIABLE 
PRESS FOR 
SMALL WORK! 


Cuts Costs 
Forming, 


Overall height—19%” 
Base size— 9” x 814” 
Die bed—6'4” x 8” 

Ram face—i'/2” 
Ram _ stroke—34” 


Positive % 


Sturdy, single pin, non-repeat hand lever 
elutch. V-belt drive, weight 105 Ibs 


ALVA F. ALLEN pert. A. M. CLINTON, MO. 


and Saves Money On Stamping. 
Drawing, Ete. 


Price: 


he 97.5 4 
f. o. b. Clinton, Mo. 
(less motor) 
30-DAY MONEY-BACK GUARANTEE 
Full year warranty against defects. Send 
your order today. Price includes motor 
bracket, V-belt, motor pulley. Free circular. 


x 3%” 


4” ram adjustment. 








From the American Machinist Library of Tips for Top Shop Men 


L your shop is still departmentalized, study the advantages of 


straight-line rearrangement. Handling is usually too expensive nowadays 
to justify the luxury of having each type of machine tool segregated. The 


same goes for heat treating, cleaning and assembling. 
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WILLIAMS-WHITE -- Builders 
of Zuality Machinery for 100 Years! 


1854-1954 





welded constructior 


.ams have extra 


guides, fitted wit 
adjustable gib 


Main shaft, hammered 


stee| forging 


Gears have teeth 
machine cut from the 


Yel ie, 





REPRESENTATIVES 





WILLIAMS-WHITE Machines are well known for quality all over 
the world. All are custom built to meet your specifications. 100 
years of building high quality machinery brings a wealth of 
experience to every problem of design and construction. Our 
staff of engineers and designers is at your service. Simply write 
and tell us your requirements . . . we will be glad to send you 


our recommendations with no obligation on your part. 


A CENTURY IN MOLINE @ 304 


WILLIAMS - WHITE 


MOLINE, ILLINOIS 
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ideas on the methods and 
equipment employed in 
many plants for inspecting 
and testing, and for 
controlling the quality of 
@ product are set out 
under this heading 


@ INSPECTION 


Equipment 

Automatic equipment 

Optical equipment 

Air equipment 

X-Ray & ultrasonic equipment 
Inspection techniques 
Inspection — general 


@ TESTING 


@ QUALITY CONTROL 





Inspecting, 


INSPECTION 


Equipment 


High-precision micrometer has non- 
rotating spindle and vernier reading 
to 0.00002 in. AM—Aug 17 ’53, p156 


What may have been the first set of 
standard plug and ring gages was 
made by Pratt & Whitney for exhibi- 
tion at the Centennial at Philadelphia 
in 1896. First indication that good 
tool steel would not hold size was 
when gages would not go together at 
exhibition time. AM—Oct 26 °53, p93 


4 Stee/ barre/ 
- 


/ 
\ Stee/ cutter 


\ 
Pistol 








SAMPLES OF THIN SHEET STOCK, such as 
metal, plastic, paper, or textiles, can be cut 
from the sheet as it moves at high speed 
over the rollers. It was developed by the 
research laboratories of Australian Paper 
Mfgrs, Melbourne, and consists of a pisto 
which shoots a circular steel cutter by 
means of a blank cartridge. A catch-box 
filled with cushioning material is held behind 
the sheet by a handle of suitable length, and 
the pistol fired from the front. When used 
on wet paper or thin plastic, sample is re- 
moved without danger of tearing web. M— 
Oct 3 '53, pl652 


Gaze blocks made of chrone carbide 
have 30 times the corrosion resistance 
of steel, 10 times that of 18-8 stainiess; 
thus perspiration stains and high 
humidity are no problem. Coefficient 
of expansion is similar to steel, so 
temperature correction is less critical. 
Wear resistance is 50 times that of 
steel. Fine grain structure permits high 
polish, so wring factor can usually be 
neglected. AM—Nov 23 °53, p122 


testing, quali 


SCRIBING FIXTURE permits rapid layout on 
six faces of compressor crankcase. Hardened 
steel disks have scribing lip to layout holes, 
and flushpin gages are incorporated to check 
that sufficient stock is available for facing. 
AM—Nov 9 ‘53, pl62 


Master templet for sheet-metal part is 
made from first piece blanked accord- 
ing to working drawing. Layout shows 
dimensions, hole sizes and locations, 
and bend lines. Templet accompanies 
job as a guide and checking gage for 
setup and inspection. AM—Dec 7 ’S3, 
p138 


Templets made of transparent glass 
fiber cloth facilitate inspection of large 
wing and other surfaces at Northrop 
Aircraft. Lines on templet indicate the 
proper fastener for each hole in the 
work. Photographs, retouched to em- 
phasize cirtical inspecion points, are 
used as a substitute for large, un- 
wieldy blueprints. Both ideas have 
effected 50% savings. AM—Feb 15 
54, p181 


Thermoelectric metal comparator de- 
veloped by General Motors Research 
Laboratories makes it possible to un- 
scramble mixed-up bar stock and parts 
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control 


The device can also substitute for 
chemical, spectrographic, magnetic, 
and spark analysis. AM—Mar 15 ’54, 
p105 


Original setup devised by Johansson 
for measuring gage blocks consisted 
of a B & S micrometer with a large 
graduated drum and vernier mounted 
on the thimble. A small weight pro- 
vided constant measuring pressure. 
Instrument is now in the possession 
of Brown & Sharpe, Providence, R.I. 
AM—April 12 °54, p255 


Concentricity checking fixture em- 
ploys principle of expansion mandrel 
operated by pressure on a plastic mass 
to center the fixture in the reference 
bore of the work. Dial indicator is 
rotated by hand knob within the bore 
to be checked. AM—June 21 °54, 
p129 


RECORDING GAGE provides a certificate 
for a gun and is being developed at the 
Naval Gun Factory. Principle is that of a 
balanced inductance loop. Two contacts 
actuate inductance coils and these affect 
the circuits. Standard transducers are used. 
Readings can be taken on galvanometer or 
recording chart. Columns on the latter 
show groove depth, land dia, and groove 
dia. AM—Mar |5 ‘54, p162 


AM production nuggets... 


Clutch assemblies are checked for bal- 
ance on a special machine built by 
Lipe-Rollway. When work is rotated, 
weights on balancer shaft are thrown 
to lighter side of work. Machine is 
calibrated to show where to air-drill 
clutch plate on heavy side to equalize 
weight. See illustration under Portable 
Tools. AM—June 21 °54, p131 


Automatic equipment 


Automatic inspection and _ sorting 
equipment can handle virtually any 
kind of work faster and more ac- 
curately than can be done by hand. 
This is an important step in automa- 
tion which may otherwise be bottle- 
necked by slow inspection methods. 
E—Sept ’53, p144 


Ford connecting rods are classified on 
automatic machine into eight groups, 
by intervals of 9.4 grams, after leav- 
ing the Hanchett grinder. This per- 
mits broaching fixtures to be adjusted 
so right amount of stock will be re- 
moved to balance the part against the 
master weight. AM—Oct 12 ’53, p143 


Rythmizer feeds Ford connecting red 
caps to weight-sorting machine with- 
out allowing jams. Caps are sorted 
into six classifications automatically, 
and are ceposited onto a divided con- 
veyor. AM—Oct 12 °53, p150 


Arnold gage is employed on a center- 
less grinder for checking the diameter 
of railroad axles, and indicates by 
green, red, and amber lights (within 
0.001 in.) when size is being reached. 
This is believed to be the first appli- 
cation of such a gage to a centerless 
grinder. AM—Jan 4 ’54, p132 
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WORKPIECE | 


j $29 NS - 
FEEDER ¥ UI 


o™ LENGTH . 
Pp ~ REJECTED UNDERLENGTH 
Sey GAGE PIN 


OVERLENGTH 
REJECTED 


AUTOMATIC GAGE separates under- and 
over-length pins from correct pieces auto- 
matically. At upper level, oversize parts 
are held by upper gage pin, pushed out of 
cycle. Good and undersize parts drop 
through to lower level, where undersize parts 
drop through gage because they are not 
held by gage pin. Good parts move in front 
of press-driven feeder and move to punch 
press. AM—Feb | '54, p/03 


Electronic sorter checks length of 
bushings to within 0.0001 in. and segre- 
gates them into three groups. Parts 
are fed to machine from hopper and 
carried under electronic head. Amount 
of pressure exerted on head causes 
ammeter to register length and opens 
corresponding trap under table to per- 
mit part to drop into correct pan. AM 
—May 10 ’54, p164 


Continuous measurement of the thick- 
ness of metallic coating on a fast- 
moving steel strip is made possible by 
a gage developed by Industrial Nucle- 
onics Corp, Columbus, and Armco 
Steel Corp. Beta rays from a uranium- 
fission product are picked up as they 
are reflected by the coated steel and 
recorded in standard units. AM—May 
10 °54, p105 


Automatic inspection stations are in- 
corporated into German transfer ma- 
chine to check accuracy of each oper- 
ation. These include feeler gages for 
hole depth, air gages for diameters. 
Vacuum system is employed to re- 
move chips from blind holes, and 
compressed air and oil spray to clean 
chips off taps. If any hole is not to 
correct depth or diameter, machine 
will stop automatically. M—July 31 
54, p1341 


Optical equipment 


Cam contour can be inspected over 
entire periphery in 40 sec by special 
staging fixture applied to optical con- 
tour projector. AM—Aug 31 °53, 
p140 


E2 


Surface finish of highly polished sur- 
faces, such as polished chrome plate 
and materials lapped or honed to a 
high finish can be examined by means 
of the multiple-beam interferometer. 
With new techniques available, the 
instrument can be applied to shop use 
and can measure surface irregularities 
of 1 mu in. or less. It cannot be used 
on matte or ordinary ground surfaces. 
ME—Aug ’°53, p629 


Alignment of pads and other surfaces 
of M8E2 cargo carrier hull is checked 
with optical collimator. Accurate level- 
ing of hull is not necessary. AM— 
Oct 26 °53, p117 


Multiple-beam interferometer made by 
Zeiss is world’s most precise length 
measuring instrument, is more precise 
than that in Bureau of Standards. In- 
strument employs three cadmium light 
bands, red, blue, and green and, by 
fringe differential, permits determin- 
ing exact length of gage blocks by 
comparison with light wavelength to 
within 0.0000001 in. AM—Nov 23 
*53, p123 


New gear analyzer permits observa- 
tion of running action on contour pro- 
jector, eliminating need for interpo- 
lative data. Unit checks involute pro- 
file, fillet interference, OD, root, and 
PD, backlash, tooth-to-tooth spacing, 
crown, and other important details. 
Made by Optical Gaging Products, 26 
Forbes St, Rochester 11, N.Y. AM— 
Dec 7 ’53, p105 


Interferometer developed by the Brit- 
ish National Physical Laboratory em- 
ploys a pure isotope of mercury or 
krypton as monochromatic light 


Compound 
prism~~ 


source. The new instrument permits 
direct measurement of gage blocks 
to an accuracy of plus or minus one 
millionth in. M—Dec 12 °53, p2059 


Ball races are produced on automatics 
at British Manufactured Bearings Ltd, 
England, and a comparator is installed 
beside each machine, together with a 
master attached to the machine so 
checking can be done at the machine 
and the operator has a rapid means of 
checking the comparator against the 
master. M—Mar 13 °54, p436 


Micrometers are inspected at Brown 
& Sharpe for relationship between 
spindle axis, spindle face, and anvil 
face throughout full spindle travel on 
an optical instrument devised by 
Perkin-Elmer Corp. Check can be 
made quickly by unskilled operators, 
and errors in face flatness of 0.00003 
to 0.00005 in. are readily detected. 
Inspection is independent of the op- 
erator, as no pressure is involved in 
checking. AM—April 12 °54, p168 


Accuracy of the rise and fall of a cam 
can be checked against design figures 
by an optical instrument which gives 
readings of the lift to within 0.000025 
in. for each degree of rotation, with 
angular settings accurate to 0° 1’. AM 
—May 10 °54, p145 


Oscilloscope is used to give visual 
record of cam characteristics. As cam 
rotates against follower, magnetic im- 
pulse generator picks up signal and 
projects the resultant varying voltage 
on a screen. Work can be rotated at 
speeds simulating actual functional 
rpm. AM—May 10 ’54, p145 


Mirror 





Light 





Double ~_ 
mirror 


Condenser 
lens 





Workpiece and master 


LIGHT PATHS in Zeiss interferometer for comparing length of two gage blocks. 


Opposite 


ends of blocks provide the same effect as opposite surfaces of a glass wedge when used to 


form interference fringes. 


For direct measurement, a mirror replaces double mirror A and 


an additional mirror is placed in front of mirror B. AM—Nov 23 ‘53, p!22 
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Work that is too large to be handled 
on a standard optical comparator can 
be inspected by fitting an auxiliary 
glass screen in a track to slide across 
the front of the regular screen. Lens 
must be adjusted to allow for the 
difference between the two screens. 
Standard stops can be set so that with 
a 10 to 1 magnification, when work 
is moved 1 in., glass is moved 10 in. 
AM—May 10 ’54, p174 


Air equipment 


Air gages are employed at Naval Gun 
Factory for fast accurate checking of 
plain bores of gun tubes. Readings to 
an accuracy of better than 0.0001 in. 
are possible, with relatively unskilled 
labor. Diameters are indicated on a 
flow-type air gage column unit. Tech- 
nique is much faster than older style 
star gaging. AM—Mar 15 ’54, pl16l 


Recording bore gages check ID of 
gun barrels at Naval Gun Factory 
before rifling. Chart scale is graduated 
to 0.0002 in. Operator inserts gaging 
head in bore and steps on switch to 
start flow of air. Head with two gag- 
ing members is used for checking dia 
and out-of-round of plain bores. A 
second head has three members for 
checking dia of rifling grooves. Gage 
points can be set to suit spacing of 
grooves. Unit can be used at the gun 
lathe. AM—Mar 15 °54, p161 


Tracer-type internal gage developed 
by Naval Gun Factory uses “Plun- 
jets” in sleds positioned radially to 
correspond with the nominal tapers. 
Device is set with rings calibrated 
to specified datum diameters. Plun- 
jets matched and calibrated in diam- 
etrically opposite mountings offer a 
basically new approach to internal 
taper measurement. AM—Mar 15 
54, p16l 


X-Ray and ultrasonic equipment 


X-ray process employs dry plate and 
develops image within 45 sec. Plate 
is re-usable, and darkroom is not re- 
quired. The process is still under ex- 
periment and is not yet commercially 
available. AM—Nov 9 ’53, p97 


Pocket-size X-ray radiation sources 
developed by Armour Research Foun- 


dation can be placed, for example, 
inside airplane wing, film placed 


around outside. Developed film shows 
X-ray picture of wing structure. AM— 
Nov 23 °53, p105 


Gamma radiography is readily applied 
to a wide range of work by an instru- 
ment developed in England by Panta 
Instruments Ltd, London. The unit 
is independent of power sources and 
smaller units are easily carried by one 
man. It features remote control, and 
can be equipped with a flexible guide 
to move the isotope around corners 
or into awkward positions. The con- 
tainer can house several different iso- 
topes, any one of which can be re- 
motely selected by the operator. A 
timer switch also permits automatic 
panoramic operation. Skilled operators 
are not required. M—Feb 13 ’54, 
265 


Radiographic inspection of welds at 
progressive stages of the process is 
made possible by a new technique 
licensed to Sam Tour & Co, Inc. The 
X-rays can be made while the work 
is still hot, so many hours of cooling 
and re-preheating time are saved. P— 
April °54, p126 


Portable X-ray unit weighs less than 
10 lb, but is comparable to 100,000-v 
X-ray machine. It requires no electric 
power source and costs only $40, plus 
irradiation charges. A tiny particle of 
radioactive thulium is mounted in a 
source holder and shielded with a shut- 
ter mechanism operated by a standard 
camera-shutter release. It was devel- 
oped at Argonne National Lab. The 
thulium came from AEC Lab at Iowa 
State College and, until this develop- 
ment, had been considered as having 
little practical application. AM— 
May 10 °54, p185 


X-ray fluorescence technique is em- 
ployed by Curtiss-Wright to deter- 
mine chemical analysis of Nimonic 
alloys in 4 hr instead of the 14 hr re- 
quired fc. conventional procedures. 
Only iron, cobalt, and chromium are 
analyzed by this technique; other ele- 
ments are determined by wet chemical 
procedures which are relatively sim- 
ple and fast. Technique involves 
bombarding sample with X-rays, then 
checking intensity of wave emission 
with a Geiger counter, AW—July 26 
*54, p55 
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Ultrasonic reflectoscope is employed 
to check 36-in. aluminum ingots be- 
fore forging these into sheet blooms 
on 7000-ton hydraulic press at US 
Steel Co’s Homestead Works. Ingots 
can be cast in 5000-Ib units as a mat- 
ter of routine in 14S, 24S, and 75S 
aluminum at Kaiser plant. AM—July 
19 °54, p164 


Ultrasonic inspection machine devel- 
oped by Sperry operates automatically 
and is controlled by a punched tape 
which permits positioning the search 
head in automatic sequence of hori- 
zontal, vertical and angular positions 
as work-carrying turntable rotates in 
water-filled tank. Known as Simac, 
the installation incorporates a record- 
ing chart and a cathode-ray tube for 
observation of any or all parts of the 
test. AW—July 19 °54, p43 


Ultrasonic inspection is now being ap- 
plied to the detection of flaws which 
extend only partly through the walls 
of thin-wall tubing. AM-——Mid-Nov 
°53, pE19 


Inspection techniques 


Roundness of a shaft can’t be checked 
by multiple micrometer readings. A 
three-lobed shaft, someimes produced 
on a centerless grinder, will give re- 
peat readings but will not be round. 
Best way to check is with U-block 
and dial indicator. AM—Aug 3 °S53, 
p10s 


Compound angles often present setup 
problems, but there’s a formula that 
tells how much to swivel the vise 
horizontally and vertically. AM—Aug 
3 °53, pl106 


Large micrometer frames are subject 
to weight deflection, depending on 
how they are supported. This must 
be considered in taking measurements, 
and there’s a formula to calculate it. 
AM—Aug 3 ’53, p107 


Long bars will deflect if supported on 
pedestals. How much they will bend 
can be determined by a formula. To 
obtain same deflection at each end as 
at the middle, space supports at 55% 
of the bar length, centered under the 
bar. To make ends horizontal, sepa- 
rate them by 58% of the bar length. 
Support points are called Airy points. 
AM—Aug 3 °53, p107 


E3 
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Straightness of a straightedge can be 
checked by calculating the position 
of the center of rotation, then pulling 
one end in a direction perpendicular 
to the axis. If it rotates about any 
other point it is not straight. Location 
of center of rotation can be deter- 
mined by formula. AM—Aug 3 ’S53, 
p108 


Test coupons can be cut from rubber 
blocks with absolute uniformity, and 
with clean, parallel sides by rotary 
knife held in lathe chuck. See illustra- 
tion under “Cut-off.” AM—Sept 14 
°53, pl34 


Segregation of steel-cutting and cast- 
iron-cutting grades of carbide tool tips 
can be made by immersing the carbide 
in a container of mercury. The steel- 
cutting grade will float, the cast-iron 
grade will sink. The carbide must be 
clean and free from all brazing metal, 
chips, or other foreign material. Hard- 
ness of carbide can be checked by 
comparing the pull on an Alnico 
magnet against the pull exerted by a 
sample of known hardness. AM—Sept 
14 °53, p187 


Inspection turntable at Ford plant 
permits one man to inspect all valve 
holes in engine block. Originally, four 
men stood on two sides of a con- 
veyor to do this job. AM—Oct 2 ’53, 
p1si 


Hydraulic assemblies are inspected at 
Ex-Cell-O by mounting on a Ransome 
welding positioner to permit moving 
to any desired position. AM—Nov 9 
°53, pl77 


Inspection stations on conveyor line 
have pushbutton units to transfer de- 
fective work to branch lines for touch- 
up or adjustment without delaying 
the main conveyor. Pushbutton 
moves one unit out of line while a 
corrected unit is brought back after 
rework. Similar check station oper- 
ates for regular tenth-piece inspection. 
AM—Dec 21 °53, p107 


Turbine rotors must run true within 
0.001 in. between indication at 1000 F 
and cold. Special furnace built on a 
lathe allows work to be heated and 
rotated. Special tailstock allows for 
length changes resulting from expan- 
sion and contraction. AM—Dec 21 
*53, p108 
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Problem of setting up a sectional die 
to shear long metal strips to exact 
length was solved by checking with a 
DoAll micro-step gage. Made up of 
a base holder, nine 10-in. gage blocks, 
two 5-in. blocks, a 2-in., an 0.150-in., 
and an 0.070-in., plus an end-mounted 
dial indicator and other parts, the 
gage showed the die to measure 
111.7027 in. AM—May 24 °54, p2 


PINBOARD checks for broken punches in 
multiple-punch dies. Small holes are repre- 
sented by nails projecting through board. 
Every 25th blanked and pierced piece is 
placed over board—if stock will not drop 
over board, press operator knows he must look 
for broken punch. AM—Dec 7 ‘53, pi4! 


Inspection . . general 


Dimensional instability of gages stored 
at Naval Gun Factory for two years 
caused rejection of 13% at reinspec- 
tion. Remedy lies in proper combina- 
tion of steel and heat treatment. AM 
—Sept 14 ’53, pi2l 


Reduced inspection produces higher 
quality and lower manufacturing costs 
in an unusual system at Lockheed. In 
one department, 44 inspection points 
have been reduced to one major and 
five minor checkpoints. System works 
by issuing certificates of quality to de- 
partments showing themselves capable 
of maintaining quality without inspec- 
tion. AM—Dec 7 ’53, p125 


Samples from spotwelding machines 
are tensile tested periodically to check 
condition and adjustment. Weld is 
pulled apart, readings noted, and frac- 
ture examined for porosity and crystal 


structure. If test is unsatisfactory, 
welder is shut down for readjustment, 
then checked before being put back 
into service. AM—Dec 7 ’53, p151 


Even the most careful visual inspectors 
pass a certain percentage of imperfect 
parts because it is assumed that foveal 
vision is the key to top visual inspec- 
tion. Tests made by Timken Roller 
Bearing Co with a special eye camera 
show that inspectors do not see the 
entire work surface properly. As a 
result of these studies, inspection ma- 
chines were modified, production was 
increased 50% and number of defects 
passed was reduced 25%. F—Dec ’53, 
p88 


Air contamination, temperature fluctu- 
ations, and dirt are avoided in Lodge 
& Shipley gear-inspection room by 
loading skids of gears into a pocket 
in the wall. Testers remove the gears 
individually by opening trapdoors 
over the pocket. AM—April 26 °54, 
pl49 


Gages used in production remain with 
the batch of work when this is for- 
warded to inspection at Newall Engi- 
neering Co, England. This idea is 
applicable only to batch-type produc- 
tion, but it stops any arguments be- 
tween the operator and inspector. 
After a batch is passed, the gages 
are checked in the gage inspection 
dep’t before returning to the crib. A 
record is made of each such inspec- 
tion, so tolerances can be maintained 
and new gages ordered before old 
ones are outside limits. M—May 15 
54, p846 


Hardness can be tested in several 
ways with suitable equipment, but a 
fair approximation can be obtained 
by means of a file. AM—Aug 17 °53, 
pl15 


TESTING 


Automatic machine performs hydrau- 
lic pressure test on oilwell casing, 
including plugging ends, clamping, 
testing, and unloading. After test, 
plugs are withdrawn and casing rolls 
out for drainage and application of 
protective cap on uncoupled end. AM 
—Sept 14 °53, p131 


World’s largest stress-testing frame for 
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ship hulls is in operation at Royal 
Naval Dockyard, Rosyth, Scotland. 
Hydraulic jack exerts pressures equi- 
valent to those encountered in service 
on full-scale hull sections. 4M—Sept 
14 °53, p196 


Mass spectrometer tests refrigerator 
units for minute leaks. Unit under 
high vacuum is exposed to helium 
which would be sucked in through 
leak. Spectrometer then detects pre- 
sence of gas in unit. AM—Oct 26°53, 
p127 


Clothes-washer drive units are elec- 
trically tested on a conveyor by travel- 
ing meter boards suspended from an 
overhead conveyor traveling parallel 
to the work conveyor. AM—Dec 21 
*53, p106 


For metal cutting research, two- and 
four-dimensional electric strain-gage 
dynamometers have been developed at 
MIT which make other types obsolete. 
See illustration under Turning, Mill- 
ing, and Grinding. AM—May 10 °54, 
pi25 


Testing the heat resistance of a wide 
range of metals and ceramics for air- 
craft applications is made possible by 
a solar furnace operated by Consoli- 
dated Vultee. Material placed at the 
focal point of a 120-in. mirror reaches 
a temperature equal to 85% of the 
sun’s heat. AM—May 10 ’54, p192 


TEST STATIONS for motor-compressor units 
for refrigerators have a slave stator in 
which rotor is mounted for running test, also 
pressure gage, ammeter, wattmeter, timer, 
Drain trays handle the oil 
which is poured out of the tested assembly. 
Pump output is checked at no load and at 
100 psi, and power consumption at each 
noted. With exhaust valve immersed in oil 
valve leakage is checked at 250 psi. Test 
takes 10 min. M—Aug 15 ‘53, p 1331 


and flowmeter. 


LEAK TESTING of AC-Delco (England) oil 
filters is performed on automatic machine. 
Part is placed in fixture and held against air- 
inlet face by pneumatic clamps. Two-handed 
control advances guard over top of tank. 
This trips a valve to lower fixture below 
surface of water. At its lowest position, 
fixture trips another valve to admit air pres- 
sure inside filter. After checking for bubbles, 
operator moves both controls, and operation 
sequence is reversed—the guard retracting 
last. M—Feb 20 '54, p313 

Fractional-hp motors at British Thom- 
son-Houston plant are tested on spe- 
cial stand. Arrangement of busbars 
facilitates connecting up for any volt- 
age, single- or three-phase. Motor runs 
1 hr, is started and stopped 20 times. 
If failure occurs, breaker above motor 
comes out and indicator light comes 
on. M—June 26 ’54, p1113 


Tank engines and transmissions are 
carried through assembly and _ test 
lines on a special “Power pack buggy” 
which also serves as a pallet for ship- 
ping preparations. The 12-cyl, 880-hp 
engine remains on the test stand for 
4 hr before being approved for ship- 
ment. AM—July 19 °54, p122 


QUALITY CONTROL 


History card accompanies each set of 
refrigerator motor-compressor compo- 
nents through all stages of assembly 
and test. As each operation is per- 
formed, data are filled in on card by 
operator and, after final inspection, 
card is filed for reference. M—Aug 
15 °53, p1329 


Automatic sizing control on Mipsa 
Etamic hydraulic grinder is so sensi- 
tive that score marks on surface below 
size will shut off machine. AM—Aug 
17 °53, p98 


Complete revision of production meth- 
ods, plus application of quality con- 
trol, made possible the production of 
90,000 bushings a day with high ac- 
curacy. AM—Oct 12 °53, p133 


American Machinist e MID-NOVEMBER, 1954 


To aid in matching male and female 
threads and control end play, mating 
lens components are run on two 5- 
spindle automatics simultaneously. 
AM—Nov 9 ’53, p115 


By controlling quality within a pro- 
duction department, rather than rely- 
ing on the inspection department to — 
catch errors, Lockheed has obtained 
higher quality and lower costs. De- 
partments proving themselves capable 
of maintaining quality standards are 
issued certificates of quality. AM— 
Dec 7 °53, p125 


Unsatisfactory performance of ma- 
chines can often be traced to its 
source by high-speed motion picture 
photography. At Gilman Engineering, 
excessive tap breakage on prototype 
machine was traced to stalling charac- 
teristics of drive motor and insufficent 
chip clearance on taps. Pictures were 
taken at 3000 frames per sec, pro- 
jected at slow speed. AM—June 7 
°54, p156 


Quality control boards are posted on 
floorstands throughout the machine 
line at Federal Industries, Detroit, to 
expedite charting the trend of critical 
dimensions. Charts show day-to-day 
conditions and provide a permanent 
case history of the operation. All im- 
portant dimensions and relationships 
are checked as parts are made. AM— 
June 7 ’54, p140 


Tool-control board, developed by 
Cross Co. is used with Ford’s transfer 
machines to indicate when each dif- 
ferent tool should be replaced by 
means of a signal light. Replacement 
tool is immediately available on board 
at indicated location. AM—Oct 12 
°53, p129 


Inspection of «a product is a two-stage 
process, of which the first, or produc- 
tion, stage is the more important. 
Quality control depends on the man 
at the machine and should be under 
the control of Production, rather than 
of Design. Second-stage inspection 
which deals only with lots of com- 
pleted parts is merely a verification 
that quality is being controlled by 
other means. True control is obtained 
only when immediate corrective ac- 
tion will follow observation of a de- 
fect. AM—July 19 °54, p128 
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Indicators — over 80 different models, 

ranges, sizes, graduations, styles — for 

every accuracy, space, and visibility re- 

quirement. Indicating Gages of all types 

including snap, hole, depth, caliper, etc., 
and special. 


Federal Dimensionair: Greatest measuring 

range of any air gage — .003” with 2500 

to 1 magnification. Most modern air gage. 

Available in various applications and 

combinations with Electrical and Electronic 
¢ gages. Send for new complete catalog. 


AIR GAGES 


Grinding operations automatically and 
consistently size controlled — with excep- 
tional accuracy. Also bare wire, insulated 
wire, glass tubing, steel rods, sheet, and 
similar continuous material is not only 
gaged in process but size-controlled by 
automatically adjusting the machine to 
compensate for variations out of tolerance. 


Call us in on the job wher: you start planning your gage require- 
ments. We have helped many plants solve their gaging problems 
and we can help you too. Let us know your requirements. Federal 
Products Corporation, 1210BEddy Street, Providence 1, Rhode Island. 
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for Dimensional Control 





Multiple dimensions inspected simultane- 
ously and quickly. (1) A single or individual 
light indicates at a glance if one or more 
dimensions are wrong. Or (2) separate 
lights identify incorrect dimensions and 
indicators show how much. » 
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Invaluable for selective assembly methods 
of production. Parts are measured and 
sorted into any number of dimensional 
categories with great accuracy and speed. 
100% inspection without interfering with 
production schedules. Semi-automatic or 


hand fed. 


AUTOMATIC SORTING GAGES — 


Federal can process engineer, design, and 
build complete sets of gages for any pro- 
duction job: Can often save money for you 
by modifying stock gages. Consult Federal 
before you process your next job. Save 
time and money and get better gages. 












Largest manufacturer devoted exclusively to designing and 
manufacturing all types of DIMENSIONAL INDICATING GAGES 
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MEASURING WIRES 


The Van Keuren Gear Measuring System 
is generally accepted as the easiest 
and most accurate method of checking 
tooth thickness of gears, involute 
splines and involute serrations. Catalog 
and Handbook No. 35 contains com- 
plete information and tables for geor 
measurements with wires. 


GAGE BLOCKS 


The conventional Rectangular Gage 
Block shown, .360 x 1.375", area .50 
sq. inches, is designed for ordinary use; 
the Solid Square Master Block, 114" x 
1%", area 1.56 sq. inches, is designed 
for many years’ service, and uncondi- 
tionally guaranteed against wear in 
excess of .0001” for 5 years. See Van 
Keuren Handbook for details. 


WIRE TYPE 
PLUG GAGES 


Made in all sizes from .010” to 1.000’ 
diameter. Originated by Van Keuren. 
Recommended materials: 

High Speed Steel, in sizes from .010” 
to .050’; Chromium Alloy Tool Steel, 
in sizes from .051” to 1.000”; Hard 
Chromium Plate, in sizes .016” to 
1.000”; VK Carboloy, sizes from .016” 
to .500”, 


OPTICAL FLATS 


Ideal for all kinds of flatness tests, 
checking parallelism with elimination 
of temperature errors. New Van Keuren 
Lignt Wave Measuring Equipment in- 
cludes double-surface fused quartz op- 
tical flats and improved monochro- 
matic light of proved superlative value 
and economy. See Van Keuren Hand- 
book for complete information. 


In the Van Keuren family of Precision Measuring Tools are included the world’s most 
accurate—tools for checking to hundred-thousandths and millionths of an inch. Whether 
gage blocks, optical flats, plug gages or measuring wires are required, all will incorporate 
Van Keuren quality. And no commercially practical measuring tools are available today 
for closer tolerance determination than those which are being regularly and currently 
produced by Van Keuren for everyday use in the metalworking industry. 


Should future precision standards demand even closer checking than is now practical, 
nietalworking can look with confidence to Van Keuren pioneering and leadership to 
develop and provide such measuring tools as may be required. 


173 WALTHAM STREET 

















Leadershife ta Precision Measurements 


LIGHT WAVE 
MICROMETER 


The Van Keuren Light Wave Microm- 
eter, furnished in 0 to 1”, 0 to 2”, 
or 0” to 3” models, is ideal for meosur- 
ing plug gages or small precision parts. 
it can be used at measuring pressures 
of from theoretical zero to 212 pounds. 
It is not a comparator and no gage 
block combinations are needed. To be 
used when you're after “that last 
hundred-thousandth” of an inch. See 
Van Keuren Handbook for details. 


MICROGAGES 


Von Keuren Microgages have been pop- 
ular for over twenty-five years because 
they provide a low cost means of se- 
curing accuracy in the shop to meet the 
demands of the inspection department. 
These 7/8” diameter gages are now 
made to am accuracy of +, , 
81-block set 0. 

For standard sets, see Catalog No. 35. 


‘ 


THREAD 
MEASURING WIRES 


Available for every purpose—for worms, 
splines, gears, standard and speciol 
screw threads. Illustration shows .2574” 
diameter Flush Wires in a 29° worm 
having 2 threads per inch. For multiple 
start worms having lead angles greater 
than 5°, see VK screw thread tables in 
Handbook which gives Exact Best Size 
wire and exact measurement over the 
wires. VK Thread Measuring Wires are 
standard everywhere. 


CHROME CARBIDE 
TAPER INSERTS 


in addition to its regular line of 
tungsten carbide wire type plug ga 

from .016” to .500” diameter, The 
Van Keuren Co. now offers a new line 
of Chrome Carbide Taper Insert Plug 
Gages in the range from .500” to 
1.510” diameter. These lighter, lon 

wearing gages are available in Class 
- and XX accuracies, and have a 
surface finish of .5 RMS or better. 


metalworking Se eee 


measuring tools but alo forthe w << 
line. Procedures =F 


To make all this data and all the formulas required conveniently available, Van Keuren 
publishes its 224-page Catalog and Handbook containing material obtainable tainable nowhere else 
under one cover—a Handbook of vitally important and usable information on Precision 
Measuring which is een revised and consistent with the most advanced practices and 
techniques in checking and measuring. 


The current 1952 Van Keuren Catalog and Handbook, No. 35, is available on request 
and includes complete details on the Van Keuren family of Precision Measuring Tools. 


Light Wave Equipment . . . Light Wave Micrometers .. . Gage Blocks . . . Taper 
Insert Plug Gages . . . Wire Type Plug Gages . . . Measuring Wires . . . Thread 
Measuring Wires . . . Gear Measuring System .. . Shop Triangles . . . Carboloy 
Cemented Carbide Plug Gages . . . Carboloy Cemented Carbide Measuring Wires oR 
Chrome Carbide Taper insert Plug Gages. 
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SOME 
PLAIN 
TALK 
about 
“Rockwell’’ 
Hardness 
Testing 


NE of the simplest, fastest, and 

most precise methods of measur- 
ing the hardness of metals is the test 
developed by S. T. Rockwell in 1922. 
It is simple because hardness is read 
directly from a dial indicator. No in- 
volved computations or previous oper- 
ator experience are necessary. 

It is fast because the operator need 
only adjust the part, trip a lever, and 
read the dial. It is precise because it 
utilizes the “increment method” of 
hardness measurement. Briefly this 
consists of making two successive in- 
dentations in the part and measuring 
the increment of the second over the 
first. 


MACHINE MUST BE ACCURATE 


iat factors affect the accuracy 
of a Rockwell Test. Obviously the 
dial indicator must give an accurate 
reading. The diamond cone or steel 
ball penetrator, used to make the in- 
dentations, must be dimensionally cor- 
rect and free of chips, cracks, or other 
imperfections. 

The spindle that holds the pene- 
trator must follow a true vertical 
course at the time of load application, 
and the load must be uniform, test 
after test, with no friction losses. The 


HARDNESS TESTER 





testing machine itself must be heavy 
and rigid enough to receive the impact 
of the testing load without spring or 
torsion. 


WHICH HARDNESS TESTER? 


MONG the several fine machines for 
“Rockwell Testing” now on the 
market we are naturally prejudiced in 
favor of the CLARK. We know that it 
is constructed with the precision of a 
fine watch. We know also that it has 
given years of regular, trouble-free 
service in every part of the world. 

We suggest that when you buy your 
next hardness tester you look into the 
outstanding service record of the 
CLARK. We suggest that you compare 
the CLARK with other “Rockwell” 
testers and see for yourself how much 
more you get for your money. Try the 
CLARK for 30 days in your own shop 
at our risk. Then if you are not com- 
pletely satisfied take it out and you 
will owe us nothing. We make this 
offer confidently because we feel sure 
you will want to keep it. 


FURTHER INFORMATION 


I" YOU would like further informa- 
tion write today for the free, hand- 
some, 20-page CLARK catalog. It de- 
scribes the Rockwell Test in greater 
detail and shows, in picture and text, 
exactly what you buy in the CLARK 
Hardness Tester. 


CLARK INSTRUMENT, INC. 
10200 Ford Road, Dearborn, Mich. 








helpful to you... 





CAN WE HELP? 


American Machinist's Reader Service Department 
handles thousands of requests for additional information 
on advertised products, article reprints, and other assist- 
ance or service our readers want. Whenever we can be 
write to: 


Manager, American Machinist Reader Service 
330 W. 42nd Street, New York 36, N. Y. 











the 
gage 
with 


more than 
nine 
lives 


MADISON 
ADJUSTABLE 
vain? OREGAGE 


Simple adjus 
Complete coverage with fewest gages 
Dependably accurate 

Light weight 

Great economy 

“Can't-roll” design 

Tamper provf setting 

Applicational flexibility 

You no longer need individual gages 
to check every size hole. A set of the 


new MADISON ADJUSTABLE BORE- 
GAGES can easily cover the complete 


range of holes you are machining. 
You can reduce your gage inventory 
cost — be sure of dependable, sensi- 
tive accuracy — and speed up gag- 
ing operations. 

The MADISON ADJUSTABLE BORE- 
GAGE is available in two types: The 
“Double End” and the “Single End.” 


SEE OUR AD IN “SECTION C” 


L BORING TREPANNING 
De” rem 
=} fey 

DRILLING oA GAGING 


“The Men With Holes In Their Heads” 


MADISON 
INDUSTRIES, INC. 


Affiliated with N= 
MADISON MANUFACTURING CO 
Dept. PB MUSKEGON, MICHIGAN 
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PLA-CHEK in @ complete range of sizes from the 


Height gage and micrometer settings are 5 to 20 oueily ee, pried: 
times faster with Cadillac PLA-CHEK than with lobe, be 


other methods of comparable accuracy. Less than 

15 seconds establishes any dimension within a 24” 

range to limits of less than .0001”. No auxiliary 

gage blocks necessary—PLA-CHEK is totally self- MAIL THIS COUPON FOR COMPLETE DATA 
contained. Dimensions are taken from the surface 

plate or from a base line on the work. Send coupon CADILLAC GAGE COMPANY 

TODAY for complete details! P.O. BOX 3806, DETROIT 5, MICHIGAN 


Without obligation please rush complete information 
on the Cadillac PLA-CHEK Gage line to: 


Name 
Company 


GAGE COMPANY 


P.O. BOX 3806 + DETROIT 5, MICHIGAN 
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... the preferred 
Dial Indicators 


RC ames CO 
WALTHAM mags 


One of America's largest and most 
famous mass-producers recently chose Ames as preferred source of 
supply for indicator gauges. 
The reasons behind this decision are the very reasons why you 
should standardize on Ames dial indicators and dial gauges: —the 
Ames “Hundred Series” indicators available in four sizes, fit 
every measuring requirement; they are accurate, sensitive, low 
in friction, yet are rugged and tough — give more on-the-job 
time. All Ames products embody latest design and 
highest-quality materials; they are manufactured 
by methods and machines that are exc/y- 
sive with B. C. Ames Co. 


Ames 
Dial Micrometer Send today for your free copy 
No. 517 of Catalog No. 58 











Inspecting 


A bibliography of '50-'53 AM articles 


Close Controls Cut Gear Rejection 7600%—Nov 

26, ‘51, p150 

X-Ray Perfect—Apr 14, ‘52, p155 

Refining Methods Save 45%—Mar 5, ‘51, pl10 

Air Gages Aid Quality Production—Apr 17, ‘50, 
p73 

Quality Control System Boosts Performance—May 
1, ‘50, p96 

Electronic Gages Solve Verious Problems—Sept 
18, ‘50, p95 

New Process Checks Hardness Electronically—Sept 
18, ‘50, pll8 

Time To Inspect Bore Alignment Cut 98%-—Mar 
19, ‘51, pl42 

Know Your Measuring Tools—Apr 2, ‘51, p10! 

How Chrysler Builds Quality—Sept 17, ‘51, p143 

How To Inspect Screwthread Elements—Oct 15, 
‘51, p37 

Know Your Inspection Tools—Nov 12, ‘51, p147 

The Right Gage at the Right Time—Jan 7, ‘52, 
pl44 

Optical Comparators Simplify Inspection of Tur- 
bine Buckets—Aug 4, ‘52, pl04 

Air May Solve Your Goging Problem—Aug 18, 
‘52, pl03 

Sonic Tester Checks Bonding of Honeycomb— 
Sept 1, ‘52, pllé 

How Round Is Round—Nov 10, ‘52, pl24 

The Collimator and How To Use It—Noy 10, ‘52, 
pl6él 

Optical Gaging—Jon 5, ‘53, p25 

Rental: New Idea in X-Ray—July 6, ‘53, p152 

Odd Measuring Problems—Aug 3, ‘53, pl05 

How To Make Quality Control Work—Apr 30, ‘51, 
p99 

How Chrysler Builds Quality—Sept 17, ‘51, p143 

Every Mon His Own Inspector—Every Foreman 
His Own Boss—At Graflex—Feb 2, ‘53, p95 

New Limit System Proposed for Metalworking— 
June 8, ‘53, p137 


MANUFACTURERS’ 
FREE LITERATURE 


OPTICAL-GAGE FIXTURE — Optical Gaging 
Products, Inc, 26 Forbes St, Rochester 11, NY. 
4-page bulletin with color cover shows how uni- 
versal shaft-checking fixture works on a given 
example. Photos and sketches show principles. 


ELECTRICAL TEST EQUIPMENT—Electro 
Tech Equipment Co, 308 Canal St, New York 13, 
NY. 190-page instruments catalog 54 contains il- 
lustrated data on meters, special industrial con- 
trols, and a wide variety of miscellaneous test- 
ing equipment. 


RESEARCH & CONTROL INSTRUMENTS— 
North American Philips Co, Research & Control 
Instruments Div, 750 S Fulton Ave, Mount 
Vernon, NY. 64-page reference book includes 
data on X-ray and analytical equipment, electron 
microscopes, applications, and charts. 


WAVOMETER—Micrometrical Mfg Co, 319 S 
Main St, Ann Arbor, Mich. 8-page bulletin illus- 
trates instrument for measuring average mu-in. 
height of waviness irregularities around symmet- 
rical surfaces of rotation such as bearing races. 


LAYOUT & INSPECTION EQUIPMENT— 
Challenge Machinery Co, Grand Haven, Mich. 
20-page catalog No 838 illustrates and describes 
surface plates, floor plates, surface plate equip- 
ment, work-benches, etc, for assembly and gen- 
eral production. 


OPTICAL FORM GRINDER PROJECTOR- 
COMPARATOR — Portman Instrument Co, 
Town Dock Rd, New Rochelle, NY. 8-page cata- 
log illustrates Model OFG-200 dual-purpose unit. 
Presents operational data, accessories, specifica- 
tions, and dimensions. 

' 

SLIDE RULE GAGE SELECTOR—Shefield 
Corp, 721 Springfield, Dayton, Ohio. Selects 
proper pitch dias for all-American or Unified 
thread plug or ring gages. 
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For more than a quarter of a century Merz Engi- 
neering Inc. of Indianapolis, Indiana has pioneered 
the design of automatic and electronic checking 
and testing equipment that today is being widely 
used in the metal working industry. 


Merz engineered electronic testing and checking 
equipment has become standard equipment in 
plants where automation is the order of the day. 





Electronic Piston Pin Gaging and Sorting Machine 
Piston pins are automatically inspected for hardness, surface 
finish, length, roundness, taper, and diameter. Machine will 
gage completely and reject and classify . 
pins at the rate of 2400 per hour. 


Automatic Hardness Comparator 
Compares production parts to 
master and may be set up to au- 
tomatically reject parts not con- 
forming to the master. Fixture is 
capable of checking 3600 parts 
per hour. 





Automatic Transmission 
Valve Assembly Test 


Fixture checks oil supply, 

kickdown on, kickdown off, 
bile. cond reverse pressure 

required to Opesg 

valve assembly used 

matic transmission. 


Write Dept.AM-1] 
for booklet and 
additional information 


MERZ TESTING | 


' 
' 
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EQUIPMENT | 


Fixture checks clear- 
€ ance and alignment of 
stator blades in the sta- 
tor assembly. Any mis- 
alignment is signaled by 
individual lights on the 


panel. 


Final Test for Automatic Transmission Machine 
Machine simulates actual road conditions for testing 
automatic transmission prior to shipping and installing ® 
in automobile. 


ENGINEERING INC. 


HARDING ST. INDIANAPOLIS 7, IND. 














nerations 


No finer GAGE BLOCKS at any price! 


By any comparison you care fO0 make . . . block- 
for-block, set for set . . . you'll find Ellstrom 
Chromium Plated Standards truly outstanding in 
the field of precision measurement. Materials used 
in their manufacture are precisely treated and 
thoroughly tested for coefficient of expansion, 
uniform hardness, and metallurgical stability. The 
durable chromium plated gaging surfaces are 
applied and finished by special Ellstrom methods 
which assure you of greater serviceability, longer 
wearing millionths. And flatness, parallelism, and 
specified accuracy of each individual block is 
fully certified by the most uncompromising final 
inspection found anywhere in the industry. 


So next time you need gage blocks, specify 
Ellstrom Standards. Furnished in 28 basic sets, 
either square or rectangular styles, with block 
sizes in step series from .010” up to and includ- 
ing 20.000”. Basic accessories also available . . . 
plus tungsten carbide wear blocks and individual 
blocks to meet your specific requirements. 


IF YOU BUY GAGE BLOCKS, you should 
have this handy new Elistrom . Standards 
Catalog. Contains complete specifications and 
prices in convenient tabular form... and a 
copy is yours for the asking. Send for it today! 





MANUFACTURERS’ LITERATURE. . . ctd. 


LONG-SCALE SWITCHBOARD INSTRU- 
MENTS—General Electric Co, Apparatus Dept, 
1 River Rd, Schenectady 5, NY. 24-page bulletin 
GEC-218C illustrates and describes AB-DB-18 
and AB-DB-16 instrument lines; principles of 
operation, characteristics, specifications, prices, 
dimensions provided. 


OSCILLOGRAPHIC RECORDING SYSTEMS 
—Sanborn Co, 39 Osborn St, Industrial Div, 
Cambridge 39, Mass. 38-page catalog describes 
systems and accessories for accurate recording of 
phenomena with frequency spectrum within the 
range of 0 to 100 cps. 


AIR GAGES—Taft-Peirce Mfg Co, Woonsocket, 
RI. 29-page catalog 613 on CompAlIRator gages 
covers various types, illustrates inspection prob- 
lems, includes specifications and size ranges of 
standard air plug, air ring, and air snap gage. 


THREAD GATES—Shefiield Corp, 721 Spring- 
field, Dayton 1, Ohio, 58-page booklet discusses 
use of direct-reading ramp gages for inspecting 
tapered threads, primarily in valves as used for 
compressed-gas cylinders. Booklet is a detailed 
study of the equipment and technique involved, 
covering taper, pitch dia, crest truncation, root, 
and bore size. 


ELECTRONIC GAGES—Cleveland Instrument 
Co, 735 Carnegie Ave, Cleveland 15. 12-page bul- 
letin 542 describes combination gage head and 
amplifier, shows how they measure size variations, 
how they work, and lists extra equipment such 
as charts, recorders, stands, and the like. 


DIAL GAGES—Boice Mfg Co, Albany Post Rd, 
Staatsburg, NY. Bulletin 354 provides illustrated 
data on dial bore gages, bore gage Setmaster, dial 
snap gage, snap gage Setmaster. Bulletin 454 
contains information on large-dia gages, length 
gages, adjustable Setmasters. Specs included. 


OPTICAL COMPARATOR — Portman Instru- 
ment Co, Town Dock Rd, New Rochelle, NY. 
12-page brochure illustrates Model R-300 with 
multiphase optical system. Construction features 
and accessories pictured and described. 


PROFILOMETER—Micrometrical Mfg Co, 319 
S Main St, Ann Arbor, Mich. 8-page bulletin 
LT89 describes and illustrates unit’s operating 
features for measuring surface roughness. Appli- 
cations and versatility included. 


PRECISION INSTRUMENTS — Geneva Dial 
Indicator Co, 180 N Wacker, Chicago. 16-page 
catalog 106 provides illustrated information on 
complete line, including dial indicators, indi- 
cator test sets, bench set, bench, dial snap, and 
depth gages. 


AMPLIFYING GAGES & COMPARATORS— 
George Scherr Co, 200 Lafayette St, New York 
12, NY. Circular on Millimess indicators, avail- 
able in two models. Can be furnished with a stand 
for use as a comparator, called Compar-It. 


STATISTICAL QUALITY CONTROL—Mar- 
chant Calculators, Oakland 8, Calif. 52-page book- 
let presents over-all program and specific proce- 
dures. Photographs, charts, graphs, completed 
forms, actual records, mathematical formulas. 
Covers all phases: design, planning, engineering. 


ELLSTROM STANDARDS DIVISION 
Dearborn Gage Company + 22035 Beech Street + Dearborn, Mich. 
Originators of Chromium Piated Gage Blocks 








REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE UNITED STATES AND CANADA 
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Swedish Johansson Gage Blocks 
ore checked for accuracy by the 
latest scientific method, the atomic 
light, utilizing the lightwaves 
emitted from the Mercury isotope 
198, now in use at the standard 
Bureaus throughout the world. 


Assures You Precision 
to the Finest Degree to 
Meet Your Requirements 
—Backed by the Name 
Supreme in the World 

of Measurement. 


GAGE BLOCKS 


(JOHANSSON) and accessories. 
Short deliveries. Inspection and reconditioning 
service available at our plant. 


INTERNAL INDICATORS 


(for inside measurements .155 to 24 inches) Scale 
range plus or minus .001 graduated to .0001 and 
minus .020 graduated to .0001. 


MIKROKATOR 


(Amplifier—for outside measurements) Gradua- 
tions .0001 to .000002 or .001 M to .0002 M. 


OTHER JOHANSSON PRODUCTS 


Micrometers, Snap Gages, Extensometers, Dyna- 
mometeis, Hardness Testers, Surface Finish In- 
dicators, Interferometers, Plugs, Rings and Special 
Gages. 


Write for Literature 


Cc. E. JOHANSSON GAGE co. 


A DIVISION OF SWEDISH GAGE 
10641 HAGGERTY AVE. e BOX 4086 NORTHEASTERN STATION e DEARBORN 1, MICH. 


American Machinist e MID-NOVEMBER, 1954 EI7 














PRECISE 


hole location, easy 
contour inspection 

with mew machine 

tool microscope 


Any machine shop, large or small, 
can save time and money on milling 
and boring work with the new 
Perkin-Elmer Model 11 Machine 
Tool Microscope. For hole location, 
its wide field of view (4%4”) or 30x 
magnification makes it possible to 
gage accurately to a ten thousandth 
—at a glance 

Mount the Mode! 11 on an offset 
bracket or directly in the spindle— 
it will fic nearly any machine tool. 


When offset it can be used for trans- 
ferring hole locations from template 
to workpiece. The image always ap- 
pears erect and moves in the same 
direction as the work, making it 
ideal for checking contours, slots, 
surface conditions. The Model 11 
Microscope is compact, sturdy, rug- 
ged—designed for long life, accurate 
service. 


Write today for complete details. 





How to keep informed 
on the 


part of your business 


Noy THE PERKIN-ELMER CORPORATION, NORWALK, CONN. 


AT YOUR FINGER TIPS, issue after issue, 

is one of your richest veins of 

job information — advertising. 

You might call it the “with what” type — 

which dovetails the “how” of the editorial pages. 

EYE] ING PORTABLE ; Easy to read, talking your language, geared 
P20) BRINELL , specifically to the betterment of 

le q your business, this is the kind of practical 

Pk | HARDNESS TESTERS data which may well help you do a 

77 as FOR job quicker, better —save your company money. 

ALL BRINELL TESTING 


Puts an actual load of 3000kg on a 
10mm ball. 











Each advertiser is obviously doing 

his level best to give you helpful information. 
By showing, through the advertising pages, 
how his product or service can benefit you 
and your company, he is taking his most 
efficient way toward a sale. 


Throat, 4” deep. 

Gap, 10” high. 

Weight, 27 Ibs. 

Test head removable for testing large 
ports—castings, forgings, etc. 

Equally accurate as portable or stationary 
equipment. 

Can be used in any position—even up- 
side down. 


ANDREW KING 
Box 606 J Ardmore, Pa. 


— HARDNESS TESTER— 


The Scleroscope is the only hardness 
tester that takes in the entire range 
from the softest to the hardest 
metals without any adjustments. 


v3 MODEL D-1 DIAL TYPE 
Write for Circular! 
THE SHORE INSTRUMENT 


& MANUFACTURING CO., INC. 


9035 VAN WYCK AVENUE 
JAMAICA, NEW YORK 
TELEPHONE: JAMAICA 6-4090 


Add up all the advertisers and you've got 

a gold mine of current, on-the-job information. 
Yours for the reading are a wealth of data 
and facts on the very latest in products, 
services, tools . . . product developments, 
materials, processes, methods. 











You, too, have a big stake in the 
advertising pages. Read them regularly, 
carefully to keep job-informed on the 
“with what” part of your business, 








McGRAW-HILL 
PUBLICATIONS 
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MAKE GAGES LAST LONGER! 


offered by Size Contro! Company as oa service for 
our thousands of satisfied customers and friends.* 





DIRT 
MOISTURE 


xX Don't force a gage into or over the part being checked. 


xX Don’t lay gages on metal benches, machines or dirty surfaces. 


xX Don’t clean gages in water, soluble solutions, kerosene or 


carbon tetrachloride —all cause rusting. 


X Don't spin parts on or off gages. This 
rapid wear. 


induces 


xX Don’t lay gages in the sunshine — expansion 


will cause errors. 


X Don’t vse gages that fit loosely. Know 
the “feel” of proper gaging. 


X Don’t use gages that show visible burrs, 
nicks or other irregularities, and 
REMEMBER — reversing the plugs, 
end for end, and careful re- 
moval of a small segment of 
the leading edge when it 
becomes worn will pro- 
vide up to six times 
longer useful life! 


We'd like to discuss 
your gage needs 
and have your gage 
orders. Our engineer- 
ing representatives 
are located in al! prin- 
cipal cities. Write or 
telephone us today. 


*Reprints of this ad printed 
on heavy coated stock ore 
available at no charge for 
posting in your inspection 
department or laboratory. , 


F F 
; 


REVERSIBLE 
THREAD 
GAGES 


oy Learn how to properly hold and 
use your gages. Fit must be snug 
and smooth. Make wooden, felt cov- 
ered gage racks, Oil the felt surface. 
This helps to keep your gages clean. 
oy Roll or twist the gages into the work slowly 
to get the proper feel. 
Check every gage against the master gages be- 
fore using, at least once on every shift and before 
returning to the tool crib. 
¥ Include gaging expense as part of manufacturing budget. 
Quality product companies now do this. 


- -- AND insist on all of these quality features when 
you buy new gages: — 
@ Reversible Plugs... enable you to cut off worn tips at each end— 
use new section exposed for six to eight times more wear life. 

®@ Entire Plug Surface Usable—straight untapered pieces provide uniform 
gaging surface over entire length—finish to 1.5 microinches RMS or less 
for maximum amount of wear life. 

@ Pin-Vise Aluminum Handle — positive locking; plugs can't slip. Easily 
loosened for replacing or reversing plug. Plug length adjustable for 
different hole depths. 

@ Easy Recognition— GO in green finish; NO GO red. 


@ Special Hardening—plugs hardened throughout...enables you to grind 
down to smaller size...gives greater economy. 


SIZE CONTROL COMPANY 


2500 West Washington Bovlevard ¢ Chicago 12, Illinois «© MOnroe 6-6710 


Division of AMERICAN GAGE and MACHINE COMPANY 


SIMPSON ELECTRIC COMPANY 
5200 West Kinzie Street 
Chicago 44, Illinois COlumbus 31-1221 
Manufacturers of over 3,000 different 


panel meters and world’s largest pro- 
ducer of TV test equipment. 


SIZE CONTROL COMPANY WALSH PRESS & DIE COMPANY 
2500 West Washington Boulevard 4709 West Kinzie Street 
Chicago 12, Illinois MOnroe 6-6710 : Chicago 44, Illinois ES tebrook 8-6700 


Crectors of the Centerless Lapping Manufacturers of high speed quolity 
Machine and originators of reversible punch presses since 1907. 
thread gages. 








MAKE 
ACCURATE TESTS 
ANYWHERE! 





WiTH 


PORTABLE 
HARDNESS TESTERS 


Ames Portable Tester making hardness test 
on large casting while being machined. 


» * can get accurate, dependable tests anywhere, 

anytime, with Ames Portable Hardness Testers. No delays, 

no waiting for laboratory tests, no cutting off specimens. Any- 
one can operate, 

Ames Testers are light in weight — may be taken to the work — read 
directly in the Rockwell Scales, Are made ia sizes from 1” to 8” capacity 
for testing rounds, flats, sheet stock, tubing, odd shaped pieces and 
assembled parts. 

Look into this time-saving, inexpensive method of making your hardness 
tests today. Thousands in every day use. Send for folder “Rockwell Hard- 
ness Testing Made Easy” 


ARRANGE FOR A DEMONSTRATION WITH THE FOLLOWING DISTRIBUTORS 


ANN ARBOR, MICHIGAN PHILADELPHIA, PA. 
Eberbach & Son, Co. Donovan Company 
200 E. Liberty Street 1615 North 2nd Street 


EVANSTON, ILLINOIS NEW YORK, N. Y. 
Adolph |. Buehler Testing Machines, Inc. 
2120 Greenwood Ave. 123 West 64th Street 


AMES PRECISION MACHINE WORKS 


WALTHAM 54, MASSACHUSETTS 





NOW!!! 
CESIUM RADIOGRAPHY SOURCES 


33-Year Half Life... Very Low Cost...Increased 
Contrast... Lighter and Less Expensive Containers 


Tracerlab has reduced prices of its Cesium-137 sources up 
to 70%, because the AEC has reduced its cost, we are now 
buying in quantity, and are encapsulating popular sized 
sources for stock. Cesium is being increasingly used for 
radiography because of its lower energy radiation (0.60 
MEV), which makes it ideal for thin steel sections and less 
dense metals such as aluminum, because better contrast is 
obtained. Additional advantages are its long life and the use 
of lighter shipping containers. 1 Curie source (3/16” x 
1/8” active dimensions)only $275.00. 


Complete costs 
and delivery 
information on 
all sources 

on request. 


E20 











DIAMETRICK CALIPER-GAGE 


"A New Trick For Checking 1.D.'s" 





e@ Wide Range 
@ Multi-purpose 


@ Trouble-free 





Ideal for “‘O” Ring 
Grooves 


A precision measuring instrument in- 
valuable for speed, accuracy, efficiency 
and economy. Write for details. 


ALSO 


DESIGN AND PRODUCTION OF 
SPECIAL MULTI-STATION PARTS: 


e Cleaning 

e Deburring 

e Transfer 

e Induction Furnace Feeding 


Special research work to integrate these methods into your 
automation plans. Complete information available. 





MUTUAL ENGINEERING SERVICE 














63% of U. S. mechanical presses 


are 10 or more years old 


63% of all mechanical presses were 
10 years old or older in 1953. To break 
this figure down: 29% were more than 
20—and 34% at least 10 years old, 
which left only 37% of all U.S. mechan- 


ical presses under 10 years of age. Have 


you figured what percentage of your 


mechanical presses are obsolete? 
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STD-SA 


Equipped with 
air probe. 


STD-5 
Comporator 


A general pur- 
pose gage 
with oa long 
range fine set- 
ting adjust- 
ment built in- 
tegral with the 
indicator arm. 
Useful with 
column up or 
down. 





1EG Comperator 


Non-centralizing adjustable  in- 
ternal and external diameter gage 
for checking large 1.D.‘s, O.D.'s 
ond lengths. 


1ET Comparator 
Capable of multi-depth gaging 
by means of movable snap pins. 
1.D. or O.D. measurement. Has 
wide range of adjustment for di- 
ameter. 





We don’t leave it to 


the Swiss for precision... no siree... 
that’s why we've got something to yodel 
about ... and we intend to yodel. 


ACRA-MENT GAGES 


spbiswre 
ACCURATE GAGGING 


Because all Acra-ment Gages, standard or special, are 
stable, precise, and super-sensitive, and wherever possi- 
ble, are Double Duty with fine adjustments designed and 
built into the gage. Now, all this yodelling leads to the 
same high note — that Acra-ment Gages save you time 
and money by being versatile, accurate and easy to set 
up. That’s why we speak of QUALITY CONTROL BY 
GAGING — NOW AND TOMORROW. 


‘ K4R Comparator 
TG-9 Comparator A mechanical gage used with 


SGA Snap Gages 4 Thickness and depth gage with either mechanical indicator or air 
Rugged, compact snap gages inclinable feature for easy dial probe. Equipped with universal 
fine adjustment designed to * reading and® movable head that type jows. 1.D. or D.D. measure- 
maximum performance and ' can be swung from side to side ments and adjustab'e for height. 
vide easy accurate setting. ‘o measure ports with flanges Also the Acra-ment K7R is avail- 

‘ etc. Has fine adjustment. able for gaging up to 10” 


ACRA-MENT 


GAGE DIVISION OF 


New York — F. A. BRADY, INC., 30 Church Street 
AT N Canada — MORRISON MACHINERY CO., 45 Oriole Parkway, 
Toronto 





633 PARK AVENUE °* 
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All the various methods 

of assembling components, 
including the different 
types of welding, are 
considered here. Portable 
tools are included 

because they find their 
widest use in this field 


@ ASSEMBLING 


Assembly machines 
Jigs & fixtures 
Progressive assembly 
Assembly—general 


WELDING 


Welding machines 
Welding fixtures 
Inert-gas welding 
Hard facing 
Special materials 
Welding—general 


BRAZING AND SOLDERING 


Brazing special materials 
Brazing—general 
Soldering special materials 
Soldering — general 


@ PORTABLE TOOLS 





Assembling, welding, po 


ASSEMBLING 


Assembly machines 


Couplings are screwed on one end of 
oilwell casing to predetermined torque 
value by automatic screw-on machine 
made by United Engrg and Fdry, first 
of its kind. AM—Sept 14 °53, p13! 


Wheel nuts on Ford cars are tightened 
by a 5-spindle air wrench automatic- 
ally controlled to a predetermined 
torque, insuring a better, more uni- 
form job. AM—Oct 12 ’53, p182 


Bearing caps were originally tightened 
down with electric tool having preset 
clutch; then exact tightness was ob- 
tained by hand torque wrench. With 
new setup, two-spindle air wrench 
does the job in one operation at higher 
speed and greater accuracy. AM— 
Oct 12 °53, p182 


POSTS for breaker-plate springs were as- 
sembled by two men with an arbor press. 
New setup at Ford consists of an automatic, 
hopper-fed machine operated by one man. 
Finished parts are removed by a rail chute. 


AM—Oct 12 ‘53, pi4i 


Printed circuits on ceramic wafers are 
produced automatically and assembled 
on special machines controlled by 
punch-cards. Known as “Project Tin- 
kertoy,” the process makes possible 
much smaller and more compact 
electronic circuits. National Bureau of 
Standards developed the idea for Naval 
Bureau of Aeronautics. AM—Oct 12 
53, p208 


Metered amounts of oil and freon are 
injected automatically into refrigera- 
tor cooling units by special machine 
designed by Acme Aluminum Alloys 
Co. AM—Oct 26 °53, p127 


Automatic machines are highly effec- 
tive in reducing assembly times. A 
model made by Hautau assembles a 
radial engine crankshaft in about 4% 
of the time required for manual as- 
sembly, requires one operator in place 
of four. AM—Mid-Nov °53, pE9 


Assembly need not always be a 
manual operation. Many operations 
can be performed by automatic equip- 
ment, including welding, screw driv- 
ing, induction brazing, and similar 
assembly jobs. AM—Mid-Nov °53, 
pC2 


Automited assembly line at Curtiss 
Wright Corp has incveased productive 
capacity 250%, and takes up 42% 
less floor space than the former setup. 
Some equipment is five times faster 
than the most skilled workers, and 
the work is of uniformly high quality. 
AM—Nov 23 ’53, p170 


Standardized assembly machines at 
Delco-Remy perform wide variety of 
functions, but power train, size, and 
method of transporting the work are 
standard. Operating components can 
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ble tools 


be arranged as required on 12x4-ft 
machine table. Components range 
from drillpresses and milling heads 
to welders and stakers, and include 
box sealing equipment and stenciling 
machines. AM—Dec 7 °53, pi21 


ROLLER-BEARING JOURNAL BOXES are pressed on to axles by twin air presses. Note 


double tracks so axles can be nested, as in foreground, to save space. AM—VJan 4 ‘54, p132 






7 4\ 


Cam-controlled, automatic screwdriv- 
ing machine increases production 
300%, reduces operator fatigue, and 
eliminates rejects caused by cross- 
threading. Bell indicates empty hop- 
per. AM—Dec 7 °53, p160 


® 


MULTI-OPERATION MACHINE reams a hole; mills a contour on Bakelite rubbing block; hot- 
upsets rivet-holding block and spring; feeds a bushing; stakes bushing; burns fuzz off block 
with gas flame; and inspects. Part is high-speed lever arm for Delco-Remy distributor. AM— 


Dec 7 '53, p!22 
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AM production nuggets... [ 


MANAGEMENT, PERSONNEL A 














MACHINING B 
TOOLING ve 
PRESSWORKING, 


MOLDING, CASTING 





INSPECTION, TESTING, 
QUALITY CONTROL . 





ASSEMBLY, WELDING, 
PORTABLE TOOLS 








HEAT-TREAT, CLEANING, 


FINISHING 








MATERIALS, COMPONENTS H 
eA | 


\ 





= 


im 


MATERIALS HANDLING, 
SERVICES 





PRIZE IDEAS, 
REBUILT EQUIPMENT 





2 mere: 





AM production nuggets . . . ASSEMBLY, WELDING, PORTABLE TOOLS 


CAPSCREWS are driven to exact torque 
value, and fasteners crimped on special ma- 
chine at Curtiss Wright Corp designed for 
assembly of reduction gear subassemblies. 


AM—Nov 23 ‘53, p!70 


SPECIALLY DESIGNED MACHINE assem- 
bles master and articulated connecting rods 
to three crankshaft sections within crankcase 
at Curtiss Wright Corp 
proper clearances and bolt stretch. 


Nov 23 ‘53, p!70 


Machine maintains 


AM— 


RAILROAD WHEELS are pressed on axles 
with double-ended press operated by one 
man at American Car & Fdy Co. Machine 
is treadie controlled. Pressure of about 100 
tons is desired, but if it takes over 135 tons, 
wheel is stripped off on same machine and 
reworked. AM—Mar |5 ‘54, pi50 


F2 


Special machine at Delco-Remy fabri- 
cates commutators. Bars are built up, 
wrapped, and pressed into a carrying 
ring, the commutator dovetail is 
coined, glass cloth is blanked and 
assembled with core and V-rings, core 
is sized, and assembly ejected. AM— 
Feb 15 °54, p121 


Automatic machines perform such 
jobs as assembling distributor levers, 
assembling automobile condensers, 
and winding condensers at Delco- 
Remy plant. Other machines wind 
coils, form loops %n springs, assemble 
conductors for motor armatures, and 
connect leads. AM—Feb 15 °54, p122 


Low-carbon steel grommets and tubes 
are fused together with a ceramic in a 
conveyorized induction-heating setup 
at Bennett Products Co, Palo Alto, 
Calif. Parts are positioned in stainless- 
steel jigs and carried under the heating 
coil which is heated to 1500 F and 
radiates the heat to the parts to fuse 
the ceramic. Flat heating coil has 
widely spaced turns at start to preheat 
the ceramic, closely spaced turns for 
fusing. Production is 20,000 per 8-hr 
shift. E—Mar °54, p280 


Assembly of electronic circuits with 
ceramic wafers (Project Tinkertoy, 
AM—Oct 12 ’°53, p208) has been 
checked by cost experts for National 
Bureau of Standards. Results show it 
is roughly 40% cheaper than conven- 
tional methods. Both manual and 
pushbutton assembly methods were 
checked. Pushbutton plant would cost 
about $665,000 but would be written 
off in 17 months at full production. 
BW—Mar 6 ’54, p55 


Automatic assembly of complex elec- 
tronic circuits is made possible by a 
new system developed by Stanford 
University and the Air Force. Device 
differs from Navy’s Project Tinkertoy 
in that it triggers standard components 
from magazine into assembly. This 
may make it more generally useful in 
conventional layouts, leaving Tinker- 
toy for extreme cases where space is 
a vital factor. AM—Mar 15 °54, p186 


Complex carburetor assembly of eight 
pieces is put together on a fully auto- 
matic machine which also stamps out 
and assembles two fiber diaphragms 
and a fiber washer, spins over a 
shoulder and the shaft end, and ejects 


the finished part. Production is 10,000 
parts in 16 hr, and four men are re- 
leased for other work. AM—April 12 
"54, p182 


SPECIAL MACHINE attaches ends of folded 
paper oil filter units to end plates at AC- 
Delco plant, England. At first station, filter 
is placed in fixture with one adhesive-coated 
end plate. Table is then indexed and second 
end plate placed in fixture, assembly being 
held by spring-loaded arms. At third station, 
HF inductor coils move forward to cover end 
plates and make the bond. At end of time 
cycle, coils retract and fixture indexes to 
fourth position where holding arms are re- 
leased and work automatically ejected. M— 


Feb 20 '54, p312 


Automatic assembly of heater ducts 
permits one operator to do the work 
of five with special machine which 
rivets on a bracket, stamps out and 
inserts clips, gang staples the two 
halves together, and crimps the prongs 
of the clips. Operator loads first half 
at first station and second half at third 
station, but all operations and trans- 
fer between stations are automatic, 
including discharge into shop truck. 
AM—-April 12 °54, p184 


Wing sections at Convair are riveted 
in an automatic machine controlled 
by punched film. Operation consists 
of drilling, countersinking, riveting, 
and polishing. A section which pre- 
viously required 9.5 hr is now finished 
in 90 min. Setup is changed easily by 
changing film. AM—July 5 °54, p143 


Riveting machine developed by Con- 
vair and General Riveters Inc is con- 
trolled by perforated film. The Drive- 
matic machine can perform five times 
as many operations as previously used 
photoelectric indexing systems. Oper- 


1955 Production Planbook 





ator acts only as watchman; machine 
clamps work, countersinks, selects 
rivets, inserts rivet and sets it. Control 
is by a five-channel film index on 35- 
mm motion picture film. Mechanical 
feelers find punched holes in film and 
relay information to drilling and rivet- 
ing head. AM—July 19 °54, p160 


PARTS FOR LOCKS 
staked on air-cylinde 
provides power and 
Original and operating 
for a small punch pre 


faster. AM—-April 26 '54, p!0é 


Jigs and fixtures 


Exact alignment of 0.0197-in. holes 
in two collimator tubes is insured by 
passing X-ray beam through one tube. 
If tubes are in line, beam will pass 
through second tube, if not in line, 
X-ray will strike second tube and 
show brass lines on film. AM—Aug 
17 °53, pl0ol 


Positioning of Ford generator on the 
engine block to obtain the correct belt 
tightness is now made easy by an air 
cylinder which jacks it into position 
and enables one man to do the work 
of two. AM—Oct 12 °53, p183 


Large duct sections are assembled in 
special jigs that hold angle-iron rein- 
forcing frames while assembly is 
squared up, drilled, and _ riveted. 
*Method insures interchangeability of 
sections. AM—Jan 4 °54, p93 


Wing assembly fixture has individual 
Hydrobore units to bore and ream 
each hole. Wings are mounted with 
locating pins fitted into drilled holes. 
Pins are stepped and are removed for 
boring and reaming, then replaced in 


hole to locate on larger step. AM— 
July 5 °54, p143 


Instrumentation lines are supported 
by pads made from strips of felt 
punched and slit. Pneumatic punch 
and spacing jig pierce the holes which 
are then slit to the edge by simple 
hand shear. AM—Jan 4 °54, p94 


Piping for pneumatic instrumentation 
system is fabricated, assembled, and 
tested in special erection shop, then 
sent to building for installation. Valve 
and connection assemblies are similar- 
ly fabricated and tested before instal- 
lation. AM—-Jan 4 °54, p95 


PRESSURIZED ASSEMBLY CABINETS insure 


freedom from contamination during assembly 


of miniature ball bearings at British Manu- 
factured Bearings Ltd, England. Cleaned 
air is fed to each cabinet by a booster to 
maintain positive pressure. Balls are picked 
up by suction device. M—Mar 13 '54, p440 


AIR CYLINDER under assembly bench com- 
presses heavy clutch springs so levers and 
other components can be added to main 
plate, flywheel ring, and sleeve that have 
already been assembled. AM—June 21 ‘54, 
pi3l 


BALL-SOCKET FIXTURE, made by Wilton, 
Chicago, allows operator to move work into 
any desired position and lock it in place for 
making adjustments in hard-to-reach places. 


AM—May 10 ‘54, pl64 


VACUUM applied to corrugated tube shrinks it from 12!/2 to 115% in. in dia to permit inser- 


tion in 12-in. shroud. 


Wooden fixture inside prevents collapse; rubber-faced plates on ends 


seal tube, After assembly, pressure expands tube to tight fit. AM—Nov 23 ‘53, p125 
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AM production nuggets . .. ASSEMBLY, WELDING, 


Progressive assembly 


Progressive assembly, even in a small 
plant, effects important savings in 
floor space, saves manpower, and re- 
quires less skilled operators. AM— 
Aug 3 °53, p122 


Standardized fitted work tray ac- 
commodates a complete set of parts 
required to make up one motor-com- 
pressor unit at International Refrige- 
rator Co, Peterborough, England. 
Trays pass from stage to stage of 
assembly and test on roller track con- 
veyors. M—Aug 15 °53, p1327 


Operator training time for radio and 
TV assembly is reduced by bread- 
board mockups, using actual compo- 
nents mounted on full-size layout 
diagram. AM—Aug 17 ’53, p105 


DISPOSAL UNITS are assembled on unusual 
power and free nveyor Carrier fixture 
the operation and 


21 53, plOs 


Final assembly of MS8E2 cargo car- 
riers is performed on 14-station drag- 
chain conveyor. Hulls ride on bogie 
wheels until tracks are mounted at 
final station. AM—Oct 26 53, p117 


Formed wood blocks on slat conveyor 
support refrigerator units during as- 
sembly of condensing unit. Conveyor 
moves continuously toward loading 
station of overhead conveyor. AM— 
Oct 26 °53, p124 


Conveyorized assembly lime carries 
tank engine cylinders from station to 
station on pallets. Air tools on fixtures 
and radial arms insure correct align- 
ment of Rosan inserts and lock rings. 
Possibility of eccentric or misaligned 
inserts is greatly reduced by this setup 
which has also cut labor costs con- 
siderably. AM—July 19 °54, p124 


SUBASSEMBLY OF PISTON, connecting rod, 
and cylinder liner is made on rotary table. 
Because large end of connecting rod will not 
pass through liner, conventional assembly 
method would be to insert piston from bot- 
tom, after assembling the liner into the 
cylinder, but this is too slow for production 
methods employed by Mirrlees, Bickerton, & 
Day, England, in building 3000-hp diesels. 
AM—Mar 29 ‘54, pi09 


si 


OPERATORS SEATED ABOVE ASSEMBLY TRACK feed wires to magazines from which they 


are mechanically raked assembly 
unit. AM—Oct 26 ‘53, p!25 
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fixture for welding to 


opper tube to form condenser 


PORTABLE TOOLS 


Assembly of cooking range tops is 
made easier by mounting the work on 
tilting fixtures on a chain conveyor. 
Small parts are carried on shelved 
carriers on a second, parallel con- 
veyor that moves twice as fast as the 
main conveyor. AM—Dec 21 ’53, 
pl04 


Wiring harnesses are assembled on 
peg-boards mounted on a carrousel 
conveyor. Quick-acting clamps hold 
the fixtures, allowing easy interchange 
when different models are to be run. 
For operator convenience, fixtures can 
be tilted 90°. AM—Dec 21 °53, p106 


Roller-bearing journal boxes for rail- 
road axles are assembled on a con- 
veyor line by three presses. First press 
presses in both outer races, second 
checks lateral motion, third applies 
seal. To check lateral motion, lower 
race is placed on air plunger, housing 
positioned over it, upper race and 
spacing collar are inserted, and pres- 
sure applied equal to that in service. 
The journal is then rotated by hand 
and the lateral movement is read on 
the dial gage attached to the plunger. 
AM—Jan 4 ’54, p133 


New final assembly line for T-33 jet 
trainers at Lockheed Aircraft Corp’s 
Van Nuys, Calif, plant is 725 ft long, 
oval shaped and has 22 assembly sta- 
tions. Its cost was only $60,000 but it 
has saved 3000 manhours per month. 
AM—Jan 18 °54, p284 


Instrument assembly at Millivac In- 
strument Corp, Schenectady is made 
easier by mounting 10 to 25 units on 
a rotary table so each operator per- 
forms the first operation on each unit 
in turn, then the second operation, 
and so on. Production is increased 
and errors reduced. If an error does 
occur, it will usually be the same on 
each unit in the batch and is thus 
easily detected; with one-at-a-time as- 
sembly, errors might be different on 
each unit. Small tables are hand 
turned, larger ones motorized and — 
controlled by foot switch. Similar idea 
is carried out on flat-top benches on 
which the entire top is traversed past 
the operator. E—Mar °54, p262 


Precision assembly of highly complex 


bookkeeping machines is simplified by 
breaking down operations into 15-min 
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units. Subassemblies are _ similarly 
broken down and complete units fed 
to appropriate stations on the main 
assembly line. AM—May 10 *54, p161 


ELECTRONIC PARTS are held in lazy-susan 
jig for soldering and assembly. Fixture cuts 
time 40% over individual jigs. Operator 
spins jig several times with each loading, 
completing like operations on each card in 
each circuit. Gooseneck soldering iron 
facilitates operation. Work is held by ad- 
iustable, spring-clamp holders. AM——Feb 
15 ‘54, pl34 


Assembly . . general 


Tight pins are often hard to withdraw 
by a straight pull but can be extracted 
by a twisting motion. Force diagram 
shows why. AM—Aug 3 °53, p106 


Electrical connections to terminals 
can be made wihout solder by special 
tool which wraps wire tighly and 
quickly. Tool was developed by Bell 
Telephone Laboratories and Western 
Electric Co and will be licensed to 
tool manufacturers. AM—Aug 31 °53, 
p100 


Wings are attached to fuselage by 
bolts only 0.001 in. undersize and are 
pulled into place by bolt extension 
slightly smaller than bolt. Shoulder 
block, washer, and nut extension draw 
bolt into place without hammering. 
Bolt was designed by Consolidated 
Vultee. See illustration under Com- 
ponents. AM—July 5 °54, p143 


Pedal hubs were formerly welded to 
pedals by hand at Ford plant. Now 
hub is forced over pedal and staked 
in a press. AM—Oct 12 °53, p161 


Adhesive employed to assemble diesel 
locomotive engine housings saves 
$300,000 a year over other assembly 
methods. Material not only acts as 


bonding agent, but also forms pro- 
tective coat, eliminating the need for 
painting. AM—Mid-Nov °53, pE6 


Epoxy resins have been making the 
most rapid advances in the field of 
metal-to-metal bonding. Reasons are: 
retention of bonding strength up to 
150 F; low volume shrinkage; contact 
pressure cure at moderate tempera- 
ture; high resistance to chemicals; ab- 
sence of placement-disturbing vola- 
tiles; and availability in liquid, paste, 
or stick form. PE—July ’°54, p166 


Metal bonding of aircraft components 
has been found highly successful by 
Convair. Direct savings are relatively 
small, but the design and performance 
advantages far outweigh direct cost 
benefits. AM—Mid-Nov °53, pE6 


Wire stitching is competing success- 
fully with riveting, welding, and other 
assembly methods on a wide variety 
of products. Important cost reductions 
are being realized by its use. AM— 
Mid-Nov ’53, pE7 


Metal stitching offers many possibilities 
as an assembly method. One manu- 
facturer redesigned his product in 
order to apply it and found output 
increased 412 times. Moreover, he was 
able to turn out a better, longer-lasting 
product. AM—Dec 7 °53, p177 


Small staking, clinching, and marking 
operations are performed at AC-Delco 
(England) plant by a standard pneu- 
matic one-shot riveter, mounted in a 
frame to permit raising and lowering 
by pedal. Safety is achieved without 
guarding, as there is no impact until 
tool is at bottom of stroke. Regular 
rivet snap is ground out taper to take 


SHRINK FITTING of large gear on to 
hub when big furnace is not available can 
be performed by heating ring gear with 
home-made gas burner. AM—Nov 9 ‘53, 
pilé 
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shanks of interchangeable tools. See 
illustration under Portable Tools. M— 
Feb 20 °54, p313 


SCALE MODELS of ductwork, machine 
guards, and other fabricated sheetmetal 
parts are highly useful in guiding shop 
workers and installation crews. Accuracy and 
speed of installation have more than justi- 
fied the cost of making the models. AM— 
Jan 4 '54, p93 


Shrink-thread fit between aluminum 
cylinder heads and steel barrels is 
produced by heating heads to 600 F, 
screwing on to barrels, then cooling to 
room temperature. Compressed air in 
cooling chamber quickly removes heat 
to produce 0.020-in. shrink fit on 6- 
in.-dia thread and shrink band. AM— 
July 19 °54, p124 


To prevent stripping of female threads 
in magnesium parts requiring frequent 
disassembly, stainless-steei Heli-Coil 
thread inserts are installed as original 
equipment on portable air tools made 
by Rotor Tool Co. AM—Mar 1 ’54, 
pios 


WELDING 
Welding machines 


Seam-welding roll has special powered 
swiveling arrangement to permit weld- 
ing in small circles on stationary work. 
AM—Aug 3 °53, p138 


Artillery shells are electrically welded 
and banded in fully automated setup 
at Rockford Ordnance plant. BW— 
Sept 26 °53, p68 


Combination machine forms freezer 
cabinets and welds joint. Separate 
welding fixtures are unnecessary. AM 
—Sept 28 °53, p148 
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AUTOMATIC WELDING HEAD for sub- 
merged-arc welding has spring-loaded wheel 
which guides the arc and weld deposit to 
follow irregularities in the work. Fillet welds 
will follow the work contour, regardless of 
hills and valleys. Expensive fitups are elimi- 
nated and welding time has been cut 75%. 
Unit is carried on a boom and may travel 
along rails when work is stationary, or may 
remain stationary when work turns on turn- 
table. AM—April 26 ‘54, p!l08 


Induction welding replaces butt weld- 
ing on Ford gearshift levers, eliminat- 
ing need for flash removal and buffing. 
One operator runs the welder, another 
loads four assemblies into duplicate 
fixture to maintain continuous opera- 
tion. Production has been quadrupled. 
AM—Oct 12 ’°53, p156 


Automatic welders replace manual op- 
erations at Ford plant. Gasoline tanks 
are seam welded on two edges auto- 
matically, then pass to second machine 
for welding other edges. Power clamps 
reduce loading time, and quick-discon- 
nect fixtures permit some machines 
to be used for several jobs. AM—Oct 
12 ’53, p163 


Automatic machine welds head and 
bottora to rectangular cans having 
rounded corners at a speed of 100 
ipm in 3 o'clock position. AM—Oct 
26 °53, pli8 


Autematic press-type welder joins 
steel radiating wires to copper cooling 
coils, makes 2600 welds in 15 sec. 
AM—Oct 26 °53, p124 


Combination tangent bender and re- 
sistance welder forms refrigerator 
evaporator from flat backplate and 
tube assembly in a single operation. 
Cycle is automatic once parts have 
been positioned in the machine. AM 
—Oct 26 °53, p126 
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Combining of welding equipment with 
benders to create a new type of ma- 
chine now makes it possible to form 
sheet-metal enclosures and spot weld 
them at the seam in the same unit. 
The technique saves handling time and 
in-process storage. AM—DMid-Nov 
53, pE3 


Special welding machine performs 
multi-pass, submerged-arc welds on 
nickel-lined process piping in Paducah 
atom plant. Joints are tested under 
high vacuum. AM—Jan 4 ’54, p93 


Junction holes in sides of pipes for 
welded “T” or angular branch joints 
are cut by a torch. The path of the 
torch is controlled from a cam on the 
head of the machine, and different 
cams can be fitted for different sizes 
of pipe and hole contour. AM—Jan 
4 °54, p94 


Large pipe ends are squared and bev- 
eled in preparation for butt welding by 
automatic machine installed inside 
pipe. Torch is adjustable for different 
sizes of pipe and is rotated by spring- 
operated mechanism. AM—Jan 4 °54, 
p95 


Automatic, submerged-arc welder joins 
ends of large pipes by multi-pass 
welding. Hydraulic clamp inside pipe 
insures roundness and _ alignment. 
Power-operated roller rotates pipe on 
roller supports during welding. AM— 
Jan 4, °54, p95 


Semi-automatic Lincolnweld unit re- 
places manual welding in boiler con- 
struction, saves 85% of former time. 
Equipment is used where regular auto- 
matic head cannot be brought into 
favorable position. Unit is mounted 
on rack for adjustment up and down, 
in and out, but operates automatically 
as boiler drum rotates. M—Jan 30 
"54, p191 


Automatic, inert-gas-shielded-arc weld- 
ing machine developed at Ryan Aero- 
nautical Co can weld around corners 
and over irregularities. Floating elec- 
trode head is electrically controlled to 
maintain constant arc length, and 
changes its height in response to 
changes in arc voltage. Speeds up to 
100 ipm are attained. AM—Feb 1 
54, p107 


END PLATES of refrigerator sealed units are 
welded on automatic machine. Plates are 
clamped in special fixture at assembly and 
conveyed to machine. Section of roller track 
is air-operated to lift fixture into position 
where screw centers can engage recesses in 
plates, then clamps are released and fixture 
and track lowered. Work is rotated by elec- 
tric motor during automatic welding. When 
one seam is finished, work indexes auto- 
matically to bring second seam under elec- 


trode. M—Aug 15 '53, p1332 


Induction butt-welding machine for 
pipe joins 20-ft sections for making 
steam coils. Machine incorporates 
built-in milling cutter for squaring off 
pipe ends. After milling, ends are 
brought together under 100 psi to 
keep faces in airtight contact. Single- 
turn inductor coil is advanced auto- 
matically and pipe rotates as heat is 
applied. When welding heat is reached, 
rotation stops and ends are butted 
under 3000 psi to make the weld. 
Flash is so small that trimming is not 
necessary. WE—Mar ’54, p24 


Automatic welding of floor units for 
Army cargo trailers is performed on 
a special machine at Checker Cab 
Mfg Corp, Kalamazoo. Floor sheets 
and hat-section stringers are loaded 
on a table which indexes under a row 
of spotwelding guns to make 22 welds 
in each of 14 positions. Assembly then 
advances automatically into Morton 
machine where four Lincolnweld 
heads weld the seams in the sheets 
and attach the two wheel housings. 
When all welds are complete, the 
finished unit is ejected on to a table. 
WJ—Mar °54, p242 


Special six-roll welder, built by Resist- 


ance Welder Corp, automatically 
welds seams to form refrigerator food 


1955 Production Planbook 





compartment. Operator loads top and 
bottom sections and wrap-around 
piece that forms back and sides, lo- 
cating them by guide pins and electro- 
magnets. Open-front box is then re- 
moved and placed on conveyor. AM 
—May 10 °54, p159 


Helical cooling fin is spotwelded to 
compressor cylinder on a seam welder 
on which the electrode wheel is aligned 
to match the helix. Ignitron squence 
timing controls the spot spacing. Auto- 
matic cycle time of 45 sec allows one 
operator to feed two machines by 
assembling fins and cylinders, loading, 
unloading. AM—May 10 °54, p158 


SPECIAL SETUP makes possible the flame 
hardening of gear teeth at the same time 
as they are flame-cut. Two preheat torches 
serve to localize the deep case in the area 
wanted, then, after flame cutting, water 
quench effects the hardening. Hardening is 
the result of migrating into the 
flame-machined surfaces during cutting. WE 
—April ‘54, p54 


arbon 


PIPE END BEVELING in preparation for 
welding is performed on home-made ma- 
chine which rotates the torch around the 
edges of the work. Adjustable support arm 
permits handling wide range of pipe sizes. 
AM—Jan 4 ‘54, p94 


Submerged-melt welding on a low- 
activity basis is made economical by a 
universal welding head positioner. 
Radial arm can swing full-circle, be 
raised or lowered, advanced or re- 
tracted. Supporting column is mounted 
on truck on rails. All movements are 
motorized with infinitely variable 


speed control. AM—Nov 9 ’53, p126 


SMALL WELDING JOBS that must be 
rotated during fabrication are handled on 
shop-made positioner built of lathe chuck 
and motor and speed reducer taken from 


a discarded machine. AM—Jan 4 ‘54, p93 


Welding fixtures 


Flash and gun welding is faster than 
arc welding for making steel cabinets, 
requires less finishing. Adjustable fix- 
tures permit welding various sizes of 
product on same equipment. AM— 
Aug 3 °53, p122 


Clamping of body panels into welding 
buck is performed by air clamps to 
give the operator more time for weld- 
ing in the tight time cycle. AM—Oct 
12 °53, pl64 


Special fixture in welding press clamps 
stock, then folds it up to form front 
end of fender, while side units wipe 
fender sides into position. Welding 
wheel is on hinged arm which retracts 
to unload. AM—Oct 12 ’°53, p165 


When parts are welded in light fix- 
tures, for tooling economy, distortion 
is prevented by constant inspection- 
dep’t checking on spacing of fixture 
elements and work. Welder is notified 
if work comes out skewed, and clamps 
are added, revised tacking pattern 
adopted, or longer cooling time al- 
lowed. AM—Dec 7 ’53, p148 
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Rapid, progressive Heliarc welding of 
panel assemblies, without resorting to 
alternate pattern welding to equalize 
stresses, is made possible by applying 
heavy fixtures. Duplicate fixtures per- 
mit one part to cool while second is 
being welded. AM—Dec 7 °53, p148 


SPECIAL BUNELL FIXTURE on 10,000-Ib- 
capacity Ransome positioner holds bottom, 
side, and end plate subassemblies to form 
hull of M8E2 cargo carrier. Fixture is power 
tilted so all welds can be made downhand. 
AM—Oct 26 '53, pli5 


SPECIAL LINK FIXTURE on 3000-lb-capacity 
Ransome positioner permits tilting hull of 
M8E2 cargo carrier so fillet welds can be 
made downhand. AM—Oct 26 ‘53, pII5 


Automatic positioners hold pump 
heads during inert-gas-shielded weld- 
ing. Air chuck has fingers that catch 
open shell end and close chuck jaws. 
Welding is performed automatically 
as work rotates slightly over 360°. 
Cycle time, conveyor to conveyor, for 
the 31 in. of weld is 30 sec, including 
clamping, welding, releasing, and shut- 
off. AM—May 10 °54, p159 


Fixture for projection welding of six 
studs to aluminum plate is made from 
fiber-base phenolic resin. Parts are 
held in place on steel master plate with 
die-set accuracy, studs being posi- 
tioned within 0.0002 in. of each other. 
See illustration under Tooling. AM— 
June 21 °54, p120 
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WORK TABLES for flame cutting take a 
beating from the flame, but Warner & 
Swasey have licked the problem by using 
grid-type tables with removable, cone- 
shaped, cast-iron work supports. Cones’ 
3-in. height minimizes burning the grid, and 
cones last a long time because their shape 
deflects the flame. Scrap drops through 
grid openings. Burned cones car be re- 
placed in a few seconds, and are returned 


to foundry for remelting. F—Feb ‘54, pI17 


Adjustable welding fixture handles a 
variety of lengths and sizes of metal 
ductwork. Exhaust fan is built in to 
remove welding fumes. 4dM—Jan 4 
54, p92 


Inert-gas welding 


Inert-gas metal-arc welding process 
can be employed for welding carbon 
steel to stainless, using austenitic elec- 
trodes, but its use on mild and low- 
alloy steel is questionable. Most air- 
craft quality steels can be employed, 
but many commercial grades are not 
satisfactory. WJ—Aug °53, p683 


Ineri-gas-shielded arc welding is being 
applied successfully to low-carbon 
steels. Higher speed of deposition off- 
sets the increased cost of the shielding 
gas when overhead costs are taken 
into consideration. At 100% overhead, 
cost is reduced about 12%. AM— 
Mid-Nov °'53, pE1 


Inert-arc welding of pressure piping 
in the field can be performed success- 
fully by inserting paper disks to retain 
the gas. Disks are retained by masking 
tape and gas is bled into reservoir 
thus formed through a small hole 
drilléd at the center of the welding 
groove. After second bead is applied, 
gas is bled into reservoir again, and 
hole welded shut. Paper is burned 
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away during stress relieving. WJ—Jan 
54, p4l 


Shielded -inert-gas-metal-arc welding 
can be applied to carbon steel without 
producing objectionable porosity. It is 
not considered practicable for short 
runs, but can be valuable on repetitive, 
high-production jobs. Satisfactory re- 
sults depend on the steel, and only 
killed steel has proved applicable. 
Adoption of a whipping technique in 
torch manipulation produced improved 
results, and a combination of 5% 
oxygen in argon has given the best 
results for shielding. WJ—Mar °54, 
p201 


New concept of welding, known as 
slag-gas-shielded arc welding has been 
developed by Bernard Welding Equip- 
ment Co, Chicago. Process employs a 
tubular, flux-filled electrode and a 
shielding gas, usually carbon dioxide. 
It can be employed automatically or 
semiautomatically as a speed of 10 to 
40 Ib per hr. Welding torch can also 
be used manually. WE—July °54, p38 


Hard facing 


When hard facing with electric arc, 
two or more layers may be needed to 
get undiluted facing material, because 
intense heat melts surface layer of 
work. AM—Aug 17 ’53, p118 


For speed and economy in hard facing, 
use largest convenient electrode. But 
if material is crack sensitive, use small 
electrode to reduce heat input and 
danger of distortion. AM—Aug 17 
53, pli18 


Twin carbon arc is suitable for hard 
facing thin materials without burning 
through, because current does not flow 
through metal being surfaced. AM— 
Aug 17 ’53, pl19 


Submerged arc may be employed for 
hard facing. Speed is high and bare 
wire inexpensive. Alloy pickup is 
from granular flux. A4M—Aug 17 ’S3, 
pl19 


Oxyacetylene torch gives minimum 
dilution of hard-facing material when 
proper, excess-acetylene flame is em- 
ployed. Deposits can be made with 
less than 0.010-in. penetration into 
base metal. AM—Aug 17 ’53, p122 


\ 

ed ee es 
TO PRODUCE SQUARE CORNERS on 
edges of extrustion screw built up 1/16 to 
3/32 in. by: hard facing, as at A, deposit 
heavy central bead and two light corner 
beads, as at B. For thin web, as at C, a 
single bead would suffice. AM—May 24 ‘54, 
pl26 


Mechanized hard facing can be per- 
formed with multi-jet gas heater, auto- 
matic rod feed from directly above 
work, and motor-driven workpiece. 
Process is sufficiently reliable to allow 
working out feeds and speeds for con- 
tinuous operation. AM—May 24 ’54, 
p127 


For hard facing with rods having a 
high iron content, where dilution with 
base metal is not serious, use a slight 
reducing flame. AM—Aug 17 °’S53, 
p122 


Hard-facing materials may be sprayed 
in powder or wire form, then fused 
by torch or furnace heat. Fusing can 
also be done simultaneously. AM— 
Aug 17 ’53, pi23 


For hard facing, chromium boride is 
applied in paste form, then fused by 
oxyacetylene torch or carbon arc. Ma- 
terial is suitable only for rough work 
that is not to be finished. 4M—Aug 
17 °53, p125 


Multiple-electrode welding can in- 
crease welding speed three to four 
times, improve weld shape, and reduce 
base-metal dilution. The !atter feature 
is highly important in hard-facing op- 
erations. AM—Mid-Nov ’53, pE 


High-speed deposition of hard-facing 
alloys can be obtained by submerged- 
arc welding with twin mild steel elec- 
trodes fed through a common head, 
and agglomerated fluxes. By swinging 
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the head back and forth with the 
Lincoln Spreadarc equipment, beads 
can be laid down up to 3% in. wide. 
Equipment can also be used with a 
single electrode but bead will be less 
abrasion-resistant and speed will be 
less. WJ—April ’54, p355 





Prebend plate before surfocing 
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if not prebent, plate buckles 


Back stepping reduces bending 
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Jock weld Tock weld 
Tack-weld strips back to back 


AVOID BUCKLING of thin work during hard 
facing by prebending or preheating. Back- 
stepping also minimizes warping; deposit 
short strip in center, add beads at alternate 
sides, working toward center. Another way 
is to tackweld. Partly submerge small parts 
in water to carry away excess heat. M— 


Aug !7 ‘53, pl28 


SERIES CONNECTION 
TRANSVERSE POSITION 








t 
MULTIPLE-ELECTRODE WELDING with the 


electrodes connected in series will produce 
a broad, shallow bead particularly suitable 
for applying a coat of alloy to a base metal 
with minimem dilution. Deposition rates of 
25 lb per hr can be attained. Two separate 
welding heads are required, each with its 
own voltage control. Welding current passe. 
from one electrode to the other through the 
weld puddle, so very little power enters the 
workpiece. WJ—April ‘54, p304 





Prior to hard facing, work should be 
cleaned thoroughly. This may be done 
by scrubbing with solvents, rubbing 
with steel wool, wire brushing, or by 
machining. In the latter case, a rough 
cut of 1/16 in. should be made on 
areas where dimensions are critical. 
AM—May 24 °54, p128 


To machine work to size after hard 
facing, take a heavy initial cut to 
reduce chatter and prevent burnish- 
ing. Do not employ coolants, except 


on production jobs where high speea 
and form tools are used. Machining 
will show up pits, low spots, cracks, 
and other imperfections that can be 
repaired before finai grinding. For 
grinding, medium-grit, medium-hard 
wheels are preferable to provide 
gradual breakdown and avoid glazing 
by the hard alloy. AM—May 24 °54, 
p128 


Special materials 


Closely spaced spot welds serve to 
butt-weld stainless steel as thin as 
0.005 in. A semi-automatic setup with 
a reciprocating electrode employs a 
milling machine for traversing the 
work. Flooding the weld with alcohol 
provides necessary cooling and re- 
duces electrode wear. AM—Aug 31 
*53, p102 


In welding alloy, stainless, and super- 
alloy steels, protection against oxides 
and nitrides is of prime importance. 
Inert-gas arc welding provides protec- 
tion on the top side, but separate pro- 
tection is needed on the bottom. Inert- 
gas backup will work, but is often 
difficult to apply. However, adequate 
protection can be obtained by a back- 
up flux that can be brushed, sprayed, 
or poured on. It acts also as a sup- 
port for the weld metal. Principai dis- 
advantage is difficulty of removal. 
Material is made by Solar Aircraft 
Co, San Diego. WE—Nov ’53, p38 


Torch welding of aluminum to ferrous 
or cuprous metals tends to make 
brittle joints, but some improvement 
can be obtained by precoating with 
solder or silver brazing alloy, or by 
using aluminum-base filler wire and 
mixing cadmium halide or cadmium 
metal powder with the flux. Pretin- 
ning steel with solder or pure zinc 
also helps. Torch welds of aluminum 
to magnesium or sintered products are 
not recommended. WJ—Aug_ ’S3, 
p730 


Are welding of aluminum to ferrous 
or cuprous materials is not generally 
recommended, but joints can be made 
between Al and Al-coated steel by 
argon-shielded tungsten-arc welding 
in such a way that the arc favors the 
Al and permits wetting without ex- 
cessive brittle phase formation. Cu 
and Al wires can be arc welded by 
wrapping with Al wire or using an 
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Al sleeve to provide excess Al in 
the joint. WJ—Aug °53, p731 


Resistance welding ef aluminum to 
steel is not practicable unless the steel 
is first electroplated with silver. Alu- 
minum brazing sheet will produce bet- 
ter spot welds than will 3S alloy. 
Resistance welding of Al to copper 
and copper alloys is not practicable be- 
cause of extreme brittleness of the 
joints. WJ—Aug °53, p732 


Flash welds can be made successfully 
between aluminum and copper or cop- 
per alloys, but steel produces brittle 
joints. Al-to-steel joints can be made 
by flash welding an intermediate cop- 
per section to the Al at one end and 
to the steel at the other. WJ—Aug 
°53, p732 


Pressure welding of aluminum to other 
materials by applying deforming pres- 
sure at any temeperature below the 
melting point can be performed suc- 
cessfully. Strength of stainless steel to 
Al bonds can be improved by heat 
treatment. Copper-clad aluminum can- 
not be welded, brazed, or zinc sol- 
dered, but can be soft soldered or pres- 
sure welded. WJ—Aug °53, p738 


Projection welding of aluminum is 
practicable if sufficient care is used. 
After thorough cleaning, operator 
must move rapidly to avoid contami- 
nation. Welder cycle is critical but, if 
correct, weld strength is excellent. AM 
—June 21 °54, p120 


Cleaning cycle for aluminum prior to 
projection welding, as employed at 
Ford Instrument Co, is: Clepo 85P 
for 15 min; hot and cold water rinse; 
Clepo 180 for 12 min; cold water 
rinse. First pieces welded are tensile 
tested and, if results are poor, cleaning 
cycle is repeated. dM—-June 21 °54, 
p120 


Weldability charts and welding sched- 
ules for spot welding common combi- 
nations of aluminum alloys with 
various types of equipment are given. 
AM—Jan 4 ’54, p123, 125, 127 


Welds made in titanium in a pure 
helium atmosphere have tension and 
bend properties comparable to those 
of the parent metal, but there should 
be less than 1% of oxygen or nitro- 
gen present in the helium, and relative 


F9 
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humidity should be less than 5%. 
Hydrogen, even as high as 10% by 
volume, has little effect on the proper- 
ties of the welds. WJ—Mar °54, p121-s 


Fusion welds can be made successfully 
in titanium with inert-gas-shielded arc- 
welding equipment, but weld must be 
shielded until it cools to 400 F. 
Helium is preferred for mechanically 
made welds because less amperage is 
needed and a narrower weld with full 
penetration is more easily obtained. 
Argon is preferred for manual welds 
because it is a cooler gas and easier 
to use. Number of welds coming to- 
gether at any one point should be 
kept to a minimum. No benefit is 
realized from stress relief of the weld- 
ed joint. WJ—Mar ’54, p153-s 


Titanium sheets stacked up to 6 in. 
thick can be spotwelded to form a 
nugget from which small parts can be 
machined. The operation is performed 
with the work submerged in cooling 
liquid. Stainless steel sheets up to 3 
in. thick can be welded by the same 
technique. Pressure is 19,500 Ib; weld 
time 15 sec. Long ingots could be 
produced by seam, instead of spot 
welding. Test specimens have had 
properties well above minimum speci- 
fications for titanium. Developed by 
Glenn L Martin Co, process may have 
possibilities for laminating large wings. 
AM—May 24 ’54, p163 


Zirconium may be welded by the 
inert-gas-shielded process, but must be 
done by melting down a flange, as no 
suitable electrodes have yet been de- 
veloped. Metal backing plates are 
advisable to remove heat and prevent 
contamination. Inert gas must be ap- 
plied to both sides, or joint will be 
brittle and there will be loss of cor- 
rosion resistance. To check protection, 
examine the oxide coating; if it is 
colorless, protection was adequate. 
Shrinkage is about three times that 
of mild steel, so make provision for 
this. WJ—Feb °54, p115 


Columbium can be welded to itself 
and other metals, but tantalum can be 
welded safely only to itself and such 
metals as molybdenum, tungsten, and 
nickel. Other metals set up galvanic 
corrosion. Torch-welding cannot be 
used on either material, but electric 
welding is satisfactory. AM—April 12 
54, p196 


FIO 


Resistance welding can be performed 
on tantalum and columbium with ordi- 
nary equipment, but roller-seam weld- 
ing must be done under water to 
prevent corrosion. Spotwelding can be 
done in air with one timing cycle, but 
three- to ten-cycle timing can be done 
under water. Best practice calls for 
85,000 amp per sq in. of electrode 
contact area. Use a 2-kw welder, open- 
circuit voltage of 1.5 to 2, and close- 
circuit voltage of 0.75. For stock 
thicker than 0.004 to 0.006 in., in- 
crease these values. Copper electrodes 
can be used, but RWMA Class L 
alloys last longer. Tungsten can be 
used to prevent copper inclusions. 
Avoid heavy electrode pressure be- 
cause it increases electrical resistance. 
AM—April 12 °54, p196 


Brass or steel 
contoiner tude 


99444dHhd}N 


Rubber Seal 


To tube 
closure 


CARBON-ARC WELDING of tantalum and 
columbium is easily performed with the 
joint submerged in carbon tetrachloride. 
For 0.015-in. stock, use 5/32-in. carbon rod 
and 20-amp, 40-volt dc; for thinner stock, 
reduce these values. Filler rod cannot be 
used. Note large-capacity suction hose 
(left) to remove toxic fumes. AM—April 12 
54, pl97 


Tungsten-are welding of tantalum and 
columbium can be performed under 
a blanket of pure helium (standard 
grade must be purified to prevent 
brittleness in work). Gas must be ap- 
plied to both sides until temperature 
drops below 300 F. Manual welding 
is not steady enough, so electrode 
must be held mechanically. No flux 
or filler is used, but surfaces must be 
cleaned with acetone. Arc is struck 
with high-frequency current; imme- 
diately afterward, equipment must 
switch to welding current supplied by 
selenium rectifiers. All welds are made 
with straight polarity. AM—April 12 
54, p198 


Ceramic-coated metals can be repaired 
by welding with either gas or arc 
methods. For Type 321, N-155, and 
Sicromo 5S, clean work thoroughly 


PORTABLE TOOLS 


and use a good welding flux. Clean 
after welding, coat with ceramic slip, 
and fire with torch. For Type 310 or 
Inconel, chip off coating around repair 
area, and flux thoroughly. Recoat with 
slip, and fire after repair. WJ—Dec 
*53, pl166 


Parts coated with A-418 ceramic coat- 
ings (Bureau of Standard Spec) can 
be arc welded with good results. 
Coating melts, floats on the weld metal, 
and combines with the flux. Adjacent 
ceramic coating blends smoothly into 
the weld without spalling, because of 
its good thermal shock resistance. 
Process is used by Ryan Aeronautical 
Co in making afterburner liners for 
547 jet engines. AW—April 26 °54, 
p40 


Gas welding torches are employed by 
Consolidated Vultee for repairing 
damaged low-melting-point-alloy dies, 
adding new metal as needed. Seriously 
damaged tools can be repaired for less 
than 25% of the cost of replacement, 
and the company estimates it saves 
$100,000 a year by the process. WE— 
Mar °54, p35 


Ductile iron castings that have blow- 
holes and shrinkage cavities can be 
repaired by welding with a cast ductile 
iron rod and inert-gas-shielded carbon 
arc. Work is preheated to 500 to 600 
F, kept hot with oxyacetylene torch 
while flux is applied liberally to cavity 
and heated rod. Welding then pro- 
ceeds with carbon arc. Work must be 
cooled slowly, away from drafts. Best 
results are obtained with straight 
polarity, dc. WE—May °54, p49 


Cast iron can be repair-welded by 
several different methods. Work must 
be thoroughly cleaned and edges 
beveled at 60° to 90°. Preheat entire 
casiing if possible. With gas welding, 
use high-velocity tip and heat 1 in. 
area around weld until dull red. Then 
work at bottom of V until 1-in. puddle 
is formed. Use cast-iron rod and flux. 
Melt sides of V ahead of advancing 
puddle to not over % in. depth. P— 
June *54, p120 


Cast iron can be arc welded with com- 
mercially pure nickel electrodes. Flux- 
coated nickel is usually most success- 
ful, but monel, copper-sheathed nickel, 
and nickel-iron can also be used. 
Graphite dissolves in nickel, precipi- 
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tates on cooling, and weakens weld. 
Process is best for surface defects and 
joining thinner sections. P—June °54, 
pi2i 


Cast iron can be arc welded with mild 
steel electrodes, but process is used 
mostly for repairing small pits and 
cracks, because a hard layer forms 
between weld deposit and base metal. 
High stresses develop because of dif- 
ference in shrinkage rate. Studs are 
usually used to key the weld to un- 
affected base metal below the fusion 
zone. P—June °54, p121 


Cast-iron electrodes can be used for 
arc welding cast iron, but process is 
limited to moderate-size castings. It is 
faster than oxyacetylene for small 
defects but results are not uniform. 
Preheat work from 300 to 1400 F, 
depending on castings. P—June °54, 
pi21 


Cast iron may be arc welded with 
copper-base electrodes when preheat- 
ing is impractical, machinability and 
color are not important, or when 
electrolytic corrosion presents no 
problem. P—June ’54, pi21 


Cast iron can be repaired successfully 
by inert-gas metal-arc welding, using 
a tungsten electrode and suitable filler 
metal. Flux is not required. Preheat 
to 500 to 1050 F; stress relieve for 
machining by postheating to 1250 F; 
cool slowly. P—June °54, p121 


Braze welding can be applied to repairs 
in cast iron if weldments are not sub- 
ject to electrolytic corrosion or high- 


temperature service. Scarf edges and ° 


clean thoroughly. Degraphitize sur- 


faces with slightly oxidizing flame, ~ 


sandblast, or oxidizing agent. Heat 
3-in. area to dull red, warm and flux 
rod and melt onto surface of V. If 
filler forms drops and rolls off, base 
metal is too cold; if it boils and forms 
balls, base metal is too hot. If tempera- 
ture is right, filler will tin surfaces 
ahead of weld. P—June °54, p121 


Welding . . general 


Installation of new welding equipment 
requires additional power supply. This 
can be done at minimum expense by 
dividing the single-phase machines 
among the three phases to balance 
the load. AM—Aug 3 °53, p129 


Diffusion welding, carried out by 
pressing the parts together under rela- 
tively low pressure and at a tempera- 
ture of 600 F, can be performed on 
aluminum by silver plating one or 
both surfaces, depending on the metals 
involved. Similar results are obtained 
by rolling at 750 F with a 50% 
reduction in area on the first pass. WJ 
—Aug °53, p736 


Hull of M8E2 cargo tractor is of all- 
welded construction. Material is 
FS1020. steel, hot rolled, and over 
1300 ft of weld are required. Welding 
is manual with ac transformer equip- 
ment and coated rods. AM—Oct 26 
°53, p1l3 


Pre-machined pads and mounting 
plates are located and welded within 
1/64 in. during fabrication of M8E2 
cargo carrier to minimize machining 
on completed hull. 4M—Oct 26 ’53, 
pll4 


Instead of machining a reduced-diam- 
eter section on a shaft end, Lincoln 
Electric welds on a short stub of 
smaller-dia stock and saves 25% of 
the barstock formerly reduced to 
chips. AM—Mid-Nov ’53, pEl 


Non-fusion weld on cold cast iron can 
be made successfully with new elec- 
trode produced by Eutectic Welding 
Alloy Corp. AM—Dec 7 ’53, p142 


To maintain spotweld quality, samples 
are taken from each machine periodic- 
ally. Test welds are pulled apart, read- 
ings noted, and fracture examined for 


~porosity and crystal structure. If test 


is unsatisfactory, machine is shut 
down for readjustment, then checked 
before resuming service. AM—Dec 7 
°53, pi51 


If you are having trouble with braze- 
welding, you may find the solution 
here. In tinning, bronze rod runs to 
edge of puddle, leaving an oxidized 
area in the center. Molten material 
bubbles and bounces. The trouble is 
too much heat. If the rod builds up 
and is lumpy, forms balls, and does 
not spread smoothly, you don’t have 
enough heat. If the rod won’t flow 
over the work, the metal has not been 
cleaned properly. In making the weld, 
if the rod forms globules, you are 
welding too fast, so the base metal is 
too cold. If the bronze spreads too 
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thinly and flows out too far ahead, 
the base metal is too hot. Wi—Feb 
54, p155 


Weldments of 7- to 8-in. steel plate, 
over 66 ft long, were produced by 
Dominion Bridge Co, Canada for 
Loewy 50,000-ton press. Trick lay in 
preheating the work by a system of 
block welding—preheating locally to 
400 F, then welding for the full weld 
section in block increments. AM— 
Mar 15 °54, pi82 
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MULTIPLE-ELECTRODE WELDING with the 
electrodes arranged in tandem with multiple 
power connections will produce a narrow 
weld with deep penetration at more than 
twice the speed of single-electrode welding. 
Each electrode has its own power supply, 
welding head, voltage control, and wire con- 
tact assembly. WJ—April '54, p303 


PARALLEL CONNECTION 
TRANSVERSE POSITION 











MULTIPLE-ELECTRODE WELDING with the 
electrodes in transverse position and with 
parallel power connection produces a wider 
bead with less penetration at about I'/2 
times the speed of a single electrode. A 
single welding head feeds both electrodes at 
once. This arrangement is suitable for 
making extra-wide welds for poorly fitted 
joints. WJ—April ‘54, p304 

Submerged-arc welding with two small- 
dia electrodes in a single head (Lin- 
coln Twinarc) will produce welds of 
higher quality and at 150% higher 
speed than a single electrode. Elec- 
trodes may be in line, side-by-side, or 
one behind and to one side of the 
other. In line gives maximum pene- 
tration, uniform beam edges, and 
highest speed; skewed gives wider 
bead, but may produce undercutting 
on the trailing electrode side unless 
speed is reduced; side-by-side is most 
suitable for poor fitups and for hard 
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facing because of wide, flat bead 
produced. WJ—April '54, p350 


Cutting and grooving with a shielded 
metal arc is made possible by a new 
electrode. Dielectric properties of elec- 
trode coating permit the rod to be 
inserted into holes without short cir- 
cuiting. In piercing, the rod can be 
“pushed” through the metal without 
freezing. Process may be applied to 
pre-machining for rough stock re- 
moval, and for cutting out defective 
welds. WJ—May 54, p438 


BRAZING AND 
SOLDERING 


Brazing special materials 


Tungsten carbide inserts may be 
brazed to wear surfaces with silver- 
copper-silver sandwich to withstand 
impact and compensate for difference 
between the coefficient of expansion 
of the insert and that of the bare 
metal. AM—Aug 17 °53, p127 


It is difficult to braze aluminum to 
copper, but good results can be had 
by tinning the copper with solder or 
silver brazing alloy. Joints can also 
be made with silver or silver-base 
filler material, instead of aluminum 
brazing alloy, provided the joint is 
made rapidly. Cooling must also be 
rapid to prevent complete melting and 
collapse of the components at the 
joint. WJ—Aug °53, p732 


Aluminum is difficult to braze to bare 
steei, but can be done by dipping un- 
preheated parts into molten flux. 
Electroplated steel is easier to braze, 
and iron, copper, nickel or zinc elec- 
troplates, and zinc or aluminum hot- 
dip coatings may be used. Aluminum- 
coated steels are readily brazed to Al 
by aluminum torch brazing technique, 
but should be done rapidly to mini- 
mize brittle phase formation. WJ— 
Aug °53, p733 


Nickel, Inconel, and Monel may be 
brazed to aluminum with no greater 
difficulty than steel. Titanium may be 
hot-dip coated with aluminum, then 
brazed to aluminum with aluminum 
brazing alloy. Magnesium should not 
be brazed to aluminum because of the 
brittleness resulting. WJ—Aug ’53, 
p734 


FI2 


Stainless steel can be brazed in a stand- 
ard furnace with controlled atmos- 
phere, using a technique developed 
by General Electric Co, England. 
Process can be used for copper-braz- 
ing or brazing with Nicrobraz alloy. 
Gas-tight container is loaded with 
work, sealed, and purged with dry 
hydrogen or nitrogen. Pot is then 
loaded into furnace and brought to 
temperature in the dry hydrogen 
atmosphere. After a suitable time, pot 
is removed and cooled under the 
protective atmosphere. M—Nov 14 
*53, p1921 


Silver brazing on cast iron is made 
possible by cleaning the surface with 
the Kolene process to remove the 
graphite. Process involves the use of 
an electrolytic, molten salt bath. AM 
—Mid-Nov °53, pE11 


Silver contacts are attached to beryl- 
lium-copper strip by first forming 
strip into a cylinder to prevent buck- 
ling. Silver rings are cut from 1/16- 
in.-thick tube, and attached by silver- 
brazing with preforms. Brass ring set 
above center in assembly draws heat 
away from bottom to even the melt. 
Parts are placed on asbestos pad in 
brazing furnace to retard melting of 
lower solder ring. Assemblies are 
quenched after brazing to anneal them. 
AM—Feb 1 54, p98 


Carbide tips for trepanning cutters are 
induction brazed to shanks, using 
silver-clad copper as a shim. Constan- 
tin was tried as a shim but was not 
so satisfactory. A 1/32-in. gap is pro- 
vided between the carbide and the 
shoulder behind it. AM—Jan 4 ’54, 
pll4 


Brazing . . general 


Brazing flux in vapor form is picked 
up by acetylene gas used for brazing, 
and carried directly to the work. Made 
by Gasflux Co, Mansfield, Ohio, the 
equipment saves considerable time 
formerly required for fluxing the joint 
and dipping the brazing rod in flux. 
AM—Mid-Nov 53, pE4 


To hold rectangular wave-guide in 
exact position in flange during brazing, 
four smalt ears are pulled on the 
corners by means of tool-steel inserts 
in an ear die set on a hand arbor 
press. AM—Feb 15 °54, p136 


PORTABLE TOOLS 


New, dry brazing flux developed by 
Westinghouse eliminates foaming and 
permits the operator to observe the 
progress of the brazing-alloy fusion. 
AM—Mid-Nov °53, pE4 


Thin phos-copper strip, rolled by 
Westinghouse in its own plants, effects 
a saving of 75% in brazing material 
and 25% in time for making brazed 
joints. Moreover, joints are stronger 
and more ductile than those made 
with round rod. AM—Mid-Nov ’53, 
pES 



































BRAZING FIXTURE for induction brazing a 
collar into a thin steel plate. Work is placed 
on table made of insulating material and 
raised to coil by pneumatic ram. Three 
locating pegs position work on table. Spring- 
loaded pressure pads with insulating faces 
prevent thin plate from buckling. Micro- 
Switch operated by ram turns power on as 
work comes into position; timer cuts power 
at end of work cycle. Lowering time for 
table is sufficient to allow solder to solidify. 
M—Sept !2 ‘53, pi5i4 


Strip material clad with brazing alloy 
on one or both sides, made by Amer- 
ican Silver Co, Flushing, NY, permits 
close control of alloy flow and pre- 
vents voids in joint. Small parts may 
be stamped from the material so alloy 
is automatically preplaced for making 
blind or large-area joints. AM—Mid- 
Nov ’53, pES 


Accurate positioning of blades on hub 


is insured by placing the hub over 
a mandrel on an index plate, and 
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locating the blades by dowel pins 
which contact the leading and trailing 
edges. Distance between blades is held 
by small clips which can be removed 
after brazing. AM—May 10 °54, p122 


FLOW RATE 
OUNCES PER SEC 


1 SILVER 
BRAZING 
MATERIAL 


014 O16 
ORIFICE DIA, IN 


DIFFICULTIES in brazing fan blades to hubs 
were solved by painting a viscous flux on 
the hub and feeding a _ predetermined 
amount of braze powder from a hopper as 
the work rotated. Angle of hopper sides, 
40° from vertical, is important to prevent 
jamming of 40-mesh silver powder. Orifice 
size was determined experimentally, may be 
changed if setup requires different speed. 
In present setup, two revolutions supply right 
amount of powder. Heat is applied from 
inside hub to melt silver and avoid burning 
flux. AM—May 1!0 ‘54, p!23 


TO HOLD FAN BLADES firmly during 
brazing, yet give slightly as they settle 
against the hub when braze metal melts, a 
spring-loaded finger cage is lowered over 
the rotor assembly. One finger bear: 
against each blade. Cage and blade as- 
sembly is removed from baseplate and 
mounted on a welding stand where it is 
rotated at 2 rpm during brazing cycle. AM 
—May 10 '54, p 122 


Soldering special materials 


Aluminum can be soft soldered to al- 
most all commercial metals and alloys, 
including stainless steel, Alnico mag- 
net alloy, Kovar, and cast iron. The 
refractory metals, titanium, zirconium, 
columbium, tantalum, molybdenum, 
and tungsten must first be electro- 
plated with a solderable metal, tinned 


with silver solder, or hot-dip coated 
with aluminum. WJ—Aug °53, p735 


Hard soldering of aluminum to many 
other metals can be performed with 
pure zinc or zinc-base alloys. Steel 
parts should be grit blasted; copper 
and brass parts can be cleaned in any 
convenient manner. Nickel, magnesi- 
um, silver, and zinc can be hard 
soldered to aluminum. WJ—Aug ’53, 
p735 


Soldering of aluminum on a produc- 
tion basis is achieved at Ford Instru- 
ment Co by nickel plating the surfaces 
before soldering. Once a good plate 
has been obtained, induction or hand 
soldering is easy. The trick lies first 
in correct cleaning procedures to ob- 
tain nickel adhesion, secondly in 
proper plating technique. A4M—June 
7 °54, pi54 


Beryliium-copper contacts are soft- 
soldered to brass rings, using preforms 
and induction heat. Heat must not 
affect silver contact points, previously 
brazed on, so is switched off if it 
reaches too high on the work. AM— 
Feb 1 °54, p102 


Repairs to Cerrobase alloy used in a 
spinning chuck can be made by using 
a soldering iron to melt in chips of 
the metal. Temperature must not be 
too high, or the iron may melt a large 
hole in the chuck. AM—Feb 15 ’54, 
pl47 


Soldering . . general 


Dip soldering increases production 
efficiency and improves performance 
of radio and TV sets. 400 joints are 
soldered simultaneously on automatic 
machine. AM—Aug 17 °53, pi04 
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Locating inserts for precision solder- 
ing fixture are made from Hastelloy B 
which is not susceptible to corrosion 
from hydrochloric acid, so has much 
longer life. AM—Aug 17 °53, p145 


Many metals and non-metals can be 
soldered with the metal indium. It 
melts at 311 F and has been used suc- 
cessfully for joining 24 metals and 18 
non-metals, including glass, ceramics, 
quartz, mica, metallic oxides, and 
silicous materials. Fluxes are not 
needed. PE—Dec ’53, p5 


Electronic components are soldered in 
lazy-susan jig on which parts are held 
by adjustable spring-clamp holders. A 
gooseneck soldering iron makes work 
easier. Operator spins jig several times 
with each loading, completing like 
operations on each card in each 
circuit. Employees like setup because 
they get satisfaction out of seeing a 
number of completed units, instead of 
one at a time. Production is increased 
40% over individual jigs. See illustra- 
tion under Assembly. AM—-Feb 15 
54, pl34 


Aluminum computer cases are induc- 
tion soldered with soft solder after 
nickel plating. To. avoid overheating, 
five 3-sec heating cycles are employed. 
Overheating is also prevented by water 
jacket flushed with 6 gpm of distilled 
water. Cooling water is recirculated 
through heat exchanger. Clock and 
thermostat shut off power if heat ac- 
cumulates beyond 500 F in critical 
areas. AM—June 21 ’54, pli9 


PORTABLE TOOLS 


Air and electric tools are employed 
for wrapping wire around terminals 
to make solderless electrical connec- 
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ALUMINUM and other hard-to-solder materials can be tinned with ultrasonic soldering iron 


and tin-zinc solder. 


before assembly with standard soldering iron. 
permits solder to alloy with work surface before oxide can reform 
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Ultrasonic tinning bath can be used to pre-tin wire and other parts 
Ultrasonic vibration removes oxide layer and 


AM—Sept |4 ‘53, p!26 


Fi3 
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tions. Tool was developed by Bell 
Telephone Laboratories and Western 
Electric Co, will be licensed to tool 
manufacturers. AM—Aug 31 ’53, 
p100 














— 





SHOCK ABSORBER for electric hand drills, 
made of two steel collars soldered to a 
spring, one collar being attached to the 
drill shank by a setscrew, will prevent drill 
breakage when drill breaks through sheet 
metal and structural steel, and starts to 
climb up" the burr. AM—Nov 23 '53, p159 


Special pistol fires blank cartridge to 
shoot circular steel cutter through thin 
sheet metal, paper, textile, or plastic 
while material is moving at high speed 
over rolls. Sample thus cut, and the 
cutter, are caught in a catch-box filled 
with cushioning material. Tool was 
developed by Australian Paper Mfgrs, 
Melbourne. See illustration under In- 
spection. M—Oct 3 ’53, p1652 


Impact wrench serves to adjust sides 
of welding fixture through gear re- 
ducer and rack and pinion. AM—Oct 
26 ’53, pl16 


Stop wasting time and manpower by 
doing jobs by hand when portable 
tools can take over. Case in point: 
Large impact wrench saved its cost 
8.6 times in 3% hr. P—Oct °53, p132 


High-cycle electric tools are lighter, 
faster, and more powerful than uni- 
versal types. They can often be sub- 
stituted for air tools when compressor 
Capacity is inadequate, because fre: 
quency converters are less costly than 
compressors. AM—Mid-Nov °53, pC3 


Hand power tools are not limited to 
hand use. They can be used for emer- 
gency setups or light bench manufac- 
turing by mounting on a block or 
fixture, and using an air or hydraulic 
cylinder for power feed. AM—RMid- 
Nov °53, pC3 


Ratchet hand screwdriver is conve- 
nient tool for tapping with small taps 
(No. 10 and smaller) in thin material, 
such as angle iron. Special adapters 
are required to hold the taps in the 
chuck. For larger sizes, taps can be 
held in the chuck of a carpenter’s 
brace. AM—Jan 4 ’54, p116 


Fi4 


Portable air tools mounted on fixtures 
and radial arms are employed to in- 
sure correct alignment of Rosan in- 
serts and lock rings in tank engine 
cylinders. Cylinders ride on pallets on 
roller conveyor from station to station 
of conveyorized assembly line. Setup 
reduces possibility of eccentric or mis- 
aligned inserts and considerably re- 
duces labor costs. AM—July 19 °54, 
p124 


Before buying new air tools, make 
sure you have sufficient compressor 
capacity. The cost of installing and 
operating a new compressor may wipe 
out the savings expected from the 
tools. AM—Mid-Nov °53, pCl 


Profit possibitities are high when in- 
vesting in portable tools. The time 
required for a new tool to pay for 
itself can be calculated by a simple 
formula. But don’t buy until you know 
that you are getting the right tool for 
the job. AM—Mid-Nov °53, pC 


Two power screwdrivers built into a 
cam-controlled machine with screw 
feed chutes and hoppers permit pro- 
duction increase of 300%, reduce op- 
erator fatigue, and eliminate rejects 
caused by cross-threading. AM—Dec 
7 *53, p160 


AIR DRILL is mounted on air cylinder to 
advance and withdraw drill for removing 
stock from heavy side of clutch assemblies 
AM—June 2! ‘54, 


on balancing machine. 
pl3i 


Drilling angular holes with a portable 
drill is simplified by a ball-and-socket 
device made by Temco Aircraft, Dal- 
las. Drill bushing is mounted in a ball 


PORTABLE TOOLS 


which can be clamped in the socket 
at any angle. To adapt it to contoured 
surfaces, block has five setscrew legs 
which can be adjusted to form a solid 
base so it can be clamped to the work. 
Tool may also be used on a drillpress. 
See illustration under Tooling. AW— 
Feb 15 °54, p37 


ANNUAL SAVING of $4500 is achieved by 
Convair with emery paper disk held against 
work by rubber cylinder rotated by air tool. 
Method replaces hand finishing, saves 3000 
hr a year, gives better finish, and enables 
operators to reach difficult places. AM— 
Mid-Nov ‘53, pC 


POWER SCREWDRIVER replaced ratchet 
screwdriver, and production was doubled. 
Change also permitted use of women oper- 
ators and provided controlled torque on all 
screws. Tool cost $90, but paid for itself in 
8 days. AM—Mid-Nov ‘53, pC2 


Magnesium housings of portable air 
tools made by Rotor Tool Co were 
subject to stripping of threads through 
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frequent disassembly of certain parts. 
This is avoided by installation of stain- 
less-steel Heli-Coil thread inserts as 
original equipment. 4M—-Mar 1 °54, 
p10s 


STANDARD PNEUMATIC ONE-SHOT 
RIVETER, mounted in a suitable frame allow- 
ing it to be raised and lowered by pedal 
performs staking, and marking 
operations at AC-Delco (England) plant. 
Safety is achieved without guarding be- 
cause there is no impact until tool is at 
bottom of stroke. 


clinching, 


Regular rivet snap is 
ground out taper to take shanks of inter- 
changeable tools. M—Feb 20 ‘54, p313 


SPECIAL SAW developed by Boeing has 
four carbide teeth operating at 16,000 rpm 
and operates on track clamped to work. It 
is used to saw off skin after attachment to 
stringers to insure close fit of skin sections 
Blade is adjusted to leave 0.0002 in. of skin 
uncut to avoid cutting into stringers. Teeth 
are so adjusted that feather edge comes off 
with scrap piece. AM—July 5 '54, p142 


Recent developments in_ portable 
power tools have resulted in more 
power, less weight, higher speed under 
load. It will pay to check your old 
tools against the new models. Don't 


worry too much about the cost of the 
new tools; figure out the time to repay 
that cost. Often it’s a matter of only 
a few weeks, or even days. F—Mar 
"54, pll4 


Weekly lubrication and performance 
check on 4000 air tools at Ryan Aero- 
nautical Co saves $20,000 a month. 
Work is performed by test cart equip- 
ped with suitable fittings and gages 
to check speed, airflow, power output, 
and to allow oiling. Tools giving low 
readings are sent to repair shop for 
overhaul. Regular inspection catches 
trouble before it develops into serious 
damage. See illustration under Main- 
tenance. AM—Mar 15 °54, p153 


Poor performance of air tools can be 
traced to many factors. Worn valves 
and washers in quick-disconnect fit- 
tings can cause serious power losses, 
so can necking down of pipelines, fol- 
lowed by sudden expansion into larger- 
dia lines. Slightly undersize hoses can 
reduce pressure 1 psi per foot of 
length, and excessive length of hose 
can be an important factor. Even un- 
coiling a long hose may increase pres- 
sure 2 psi. Attention to these items, 
plus replacing tapered valves by 
square-cornered valves, and limiting 
to ten the number of fittings attached 
to a %-in. pipe inlet has increased 
tool power 200%, saved $20,000 a 
month at Ryan Aeronautical Co. AM 
—Mar 15 ’54, p154 


Developed by National Bureau of 
Standards, a 61,000-rpm_hydraulic- 
turbine dental handpiece is applicable 


Locking lever 


to fine grinding in tool and die mak- 
ing. Low cutting pressure is required, 
and hard metals can be cut with mini- 
mum vibration and heating. AM— 
July 5 °54, p97 


TO TIGHTEN FORD WHEEL NUTS, a 5- 
spindle air wrench is automatically controlled 
to a predetermined torque, insuring a bet- 
ter, more uniform job. AM—Oct 12 ‘53, 
p!82 


AIR WRENCH tightens bearing-cap bolts 
at higher speed and with greater accuracy 
than could be achieved with electric tools 
with preset clutches. Secret lies in air-me- 


tering device. AM—Oct 12 '53, p182 


Indexing plate 


Workpiece 


Electric dril/ 


Sliding contact 
switch 


Plug 


ELECTRIC DRILL attached to rear toolpost of a turret lathe permits side drilling of work still 


in the chuck. Index plate fastened to chuck locates hole positions. 


Sliding contact switches 


drill on as it is moved forward; off when it is moved away. AM—Feb | '54, pl25 
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MopeERN METHODS 


for Joining Metals 


SIGMA WELDING—Automatic, fusion 
welding process. Welds stainless steel 
(series 300) over }-in. thick. Welds cop- 
per and other non-ferrous metals over 
in. thick. Makes excellent welds in 
killed carbon steel. Argon protects weld 


“UNIONMELT” WELDING — Makes 
strong, sound welds at high speeds in the 
production of pipe, pressure vessels, tanks, 
ships, railroad, automotive and marine 
equipment. Automatic, fast welding. Semi- 
automatic welder is economical main- 


zone—consumable electrode. 4 tenance tool. 








YLENE WELDING, BRAZ- 
ING AND SOLDERING—Permits fab- 
rication of many structures and parts 
made of all metals. Ideal repair tool. 


“HELIARC” WELDING — Well suited 
for work on hard-to-weld metals — Argon 
protects weld zone—No flux required— 
Welds wide variety of joints in nearly all 


commercial metals up to %-in. thick. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Imig] New York 17, N.Y. 
Offices in Other Principal Cities 
in Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto 





The terms “Linde,” “Heliarc,” and “Unionmelt” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Resistance Welding Joins Handles 
To 600 Pots and Pans Per 8-Hour Day 


The Buckeye Aluminum Company, Wooster, Ohio, with an enviable, 52-year 
record of manufacturing, uses Sciaky resistance welding extensively 

in fabricating their aluminum kitchen ware and appliances. 

Three standard, Sciaky Type SPT 2 patented Three-Phase spot welders join handle 
mounting brackets to aluminum pots and pans. No skilled workers are required 

to produce 600 units per 8-hour day in pans of various sizes. Three different type 
brackets are used with each receiving four to eight spot welds. Write today 

for complete description of welding procedures and rigid inspection practices 

at Buckeye in the bulletin, “Resistance Welding at Work,” Vol. 4— No. 2. 
Resistance welding at Buckeye is another fine example of Sciaky basic thinking—welders 
designed to do more useful work at lowest operating cost with maximum reliability. 


Largest Manufacturers of Electric ° 
Resistance Welding Machines in the World Tt AK x 


Sciaky Bros., “933 West 67th Street, Chicago 38, Illinois 


Saw bar stock 
15 times faster 


Has 2% times the speed of larger semi- 
portable saws. Porta-Band goes anywhere 
... usable in any position. Cuts ferrous and 
non-ferrous metals up to 344” dia. round, or 
3%” x 4%” rectangular. Tough aluminum 
alloy frame—saw weighs only 16 lbs. Ball 
and needle bearings throughout. Universal 
115V, AC/DC motor (250V at extra cost). 
Price: $215. 


Grind, polish sheet 
metal speedily 


Portable sanders with aluminum oxide 
or silicon carbide belts grind and/or polish 
metal surfaces from 600 to 1140 SFPM. 
Light models ideal for removing burrs, 
chamfering or rounding corners. Heavier 
models for fast rough or finish surfacing. 
Dust bag traps dangerous metal particles. 
Four models: 2” x 21”, 3” x 24”, 4” x 27” 
ace 9, 14, 15, 25 lbs.—$62.50, $115, $135, 


Use saw as portable 
abrasive cutter 


Slip off the blade, slip on an abrasive 
disc, and any Porter-Cable Electric Saw con- 
verts into a portable abrasive cut-off. Cuts, 
scores and grinds alloy steels and cast iron 
—aluminum, copper, bronze, zinc. With saw 
blade, saves hours in plant maintenance. 
Nine models; 442” to 12” blades; $49.50 

m to $249.50. 


Make quick work cf 
cut-outs, contours 


High-speed portable router is handy time-saver in 
foundry, pattern shop, sheet metal, toolmaking and 
woodworking departments. Versatile—140 bits and 
cutters available. (Carbide tips included.) Patented 
awe ps Chuck prevents bit run-out—provides excep- 
ional accuracy. %4, 1% and 2% ices: 
$49.50, $125.00 and $209.00, Prices: 


Porter-Cable @ Porter-Cable makes bench grinders, portable drills 
orbital sanders, shapers and planes. Write for free 
catalog, Contact your Porter-Cable Dealer for an in- 
plant demonstration—no obligation. 
Porter-Cable Machine Co. 
2733 N. Salina St., Syracuse 8, N. Y; 
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Assembling 
A bibliography of ‘50-'53 AM articles 


How To Assemble and Grind Fine Wire Brushes— 
June 28, ‘51, p89 

Portable ‘‘Upside-Down” Drill Works Beneoth 
Giant Scroll Cases—June 11, ‘51, pl64 

Special Machine Winds Coils to Shape—Dec 24, 
‘51, pl20 

How To Machine and Finish Stainless Steel—Aug 
4, ‘52, pill 

Ingenious Machines Weld Thin-Wall Stainless 
Tanks—Nov 24, ‘52, pl25 

Tooled Conveyor Speeds Line Assembly—May 1, 
50, p78 

Try This Aspirin for Geor-Burring Headaches— 
Aug 7, ‘50, p96 

Indexing Fixture Applied to Spotwelding—Aug 21, 
‘50, pllo 

Assembly Fixture Makes Fastening Faster—Aug 
21, ‘50, p120 

Portable Automatic Air Drills Make Holes Faster 
-—Jan 8, ‘51, p102 

Converted Flier Laps Jet Blades at Wright—May 
14, ‘51, pl36 

Stamped Circuits Take Perspiring Out of Wiring— 
July 9, “51, pl42 

Master Fixtures Master Assembly Troubles—Mar 
31, ‘52, p92 

How Sperry Harnesses the Electron—Apr 14, ‘52, 
pl43 

Alco Tooling Assembles the M-47 Hybrid—Aug 18, 
52, pills 

How To Control Coordinate Tolerances—Oct 13, 
‘52, pl66 

Huge Forming Dies Simplify Production of Welded 
Pipe—Sept 4, ‘50, p128 

Six Steps to Better Silver Brazing—Sept 18, 50, 
p100 

16 Steps for Welding Piston-Ring Carriers—Oct 
2, ‘50, p88 

40 Spotwelds at Once Electronically—Apr 2, ‘51, 
pllg 

Tricky Techniques Help Resistance Welders—Jan 
9, ‘50, p96 

High-Current Gun Welds Without Distorting Thin 
Metal—Jan 9, ‘50, p152 

How To Get Larger Profits Ovt of Resistance- 
Welding Equipment—Apr 17, ‘50, p82 

Air Power Saves Assembly Time—Aug 7, ‘50, p89 

Indexing Fixture Applied to Spotwelding—Aug 21, 
‘50, pll0 

Assemb'v Fixture Makes Fastening Faster—Aug 
21, ‘50, p120 

Templets Locate End-Welded Studs—Oct 16, ‘50, 
pl42 

Silver Brazing Eases Shotgun Wedding—Feb 19, 
‘S1, pl64 

Spotwelds at Once, Electronically—Apr a "St, 
pls 

Induction Solders To Size—June 25, ‘51, pl02 

When G How to Use Induction Soldering—Sept 
3, ‘51, pl66 

Spotwelder Doubles as Hot Upsetter—Oct 1, ‘5S!, 
p134 

Semi-Automatic Welding Builds Tank Cars Faster 
—Oct 1, ‘51, p170 

How To Assure Screwthread Assemble-Ability— 
Dec 24, ‘51, p109 

Pushbuttons Operate Welder—Feb 18, ‘52, p146 

Induction Brazes Squirrel Cage—Mor 17, ‘52, 
124 

Many-Qualified Welders Produce Intricate Parts— 
Mar 31, ‘52, p94 

Recording Voltmeter Checks Weld Quality—Apr 
14, ‘52, 0158 

Peroxide Tanks Pose Welding Problems—Apr 14, 
‘57. 0173 

Conveyors and Convenience Cut Switch-Assembly 
Costs—May 12, ‘52,, p136 

How To Weld Titanium—May 26, ‘52, p93 

Welding Study — Titanium And Titanium-Alloy 
Sheets—May 26, ‘52, p98 

Tanks Roll on Welded Wheels—June 23, ‘52, p107 

Picture Prints Soeed Assembly—Aug 4, ‘52, p128 

Sigma Welding Stars on 3 New Jobs—Aug 18, ‘52, 
pl09 

Automatic Welding Makes Eyebolts Faster, Better 
-——Aug 18, ‘52, pl27 

How We Weld Titanium—Oct 13, '52, p123 
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SPEED-UP Your Assembly 











and NUT-SETTING o—) 
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Save labor . . . reduce costs . . . with 
ARO’s complete line in correct size and 
speed for broad range of asseinbly work. 
Whether it’s screwdriving, nutsettin 
drilling, grinding, sanding, wire- -brush- 
ing, tapping, mixing, electrode dressing, 
etc.... let an ARO Field Engineer help 
solve your production problem. Write 
ARO or see your ARO distributor. 

The Aro Equipment Corp., Sryan, Ohio 

Offices in All Principal Cities 

in Canada—Aro Equipment of Canada, Ltd., Toronto. Ont, 


AROL AIR TOOL S 
8 ... AIR HOISTS ... LUBE 
EQUIPMENT ... AIRCRAFT 
PRODUCTS . GREASE FITTINGS 
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Resistance Welders Since 1898 


Sales and Service 
CHARLOTTE -. CHATTANOOGA 
CHICAGO - CLEVELAND - DAYTON 
DENVER . DETROIT - DALLAS 
PHILADELPHIA . PORTLAND, OREGON 
SEATTLE - S. PASADENA .« ST. LOUIS 
STAMFORD . WASHINGTON 
DUNDAS, ONTARIO 


<3 TAYLOR- 


WINFIEL 


THE TAYLOR-WINFIELD CORPORATION * 


WARREN, OHIO 


| 


War Drs 


— save time, 
improve welds, 
and cut 
costs! 


Complete range of sizes 
to handle work ranging 
from 2000 to 36,000 Ibs. 


P&H itioners end slow, costly, 
out-of-position welding. Many 
users report cost cuts of 50%. 
Here’s why: 

e They speed welding — permit 
down-hand welding with larg- 
er, hotter rods for faster depo- 
sition. 

They cut handling costs — 
no extra men, hoists, cranes 
required to rearrange weld- 
ment. 
They improve work quality — 
fillets and beads are smoother, 
neater, more uniform. 
They increase safety — elim- 
inate hazards of handling 
heavy weldments. 

9 ° s 

Call in your P&H representative. 

He can show you how P&H weld- 

ing positioners can save you mon- 

ey in your plant. Write for free 
bulletins today. 


[id wetoine DIVISION 


HARNISCHFEGER 


CORPORATION 





4514 West National Ave., Milwaukee 46, Wisconsin 
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Toh Mm role) MUl ete): 
MULTIPLE SAVINGS 


INGERSOLL-RAND AIR-POWERED 


MULTIPLE 
. en NUT-RUNNERS 


new idea! 


Note in this plant, the Model 
YD4A Nut Runner in the fore- 
ground is tightening differential 
bearing caps for the machining 
operations. In the background, 
a Model YG4A is removing the 
cap screws prior to final assem- 
bly. Each is handling 4 opera- 
tions at once—substantial saving 
against single power tool or one- 
at-a-time operation by hand! 


; 


| 2 to 10 nuts--or more... 
in typical bolt patterns : are driven simultaneously! 


like th : 
iKe THeSe I-R Multiple Nut Runners give you: 


e Top “quality control”—Torque is uniform on each 
and every nut. 
» Safe for operator—Torque resistance doesn’t wxist. 
—- ie e Instant on-the-job operation—io special training is 
IN LINE required by the operator. 
. e Low maintenance—units in service show mainte- 
_ ae nance savings up to 50%. 
Talk to the I-R representative in your area and get 
RECTANGI f full details on cost-saving Multiple Nut Runners for 
your specific applications. Meantime, write for latest 
bulletin which shows how they are built to your 
specifications. 


crews [ Ingersoll-Rand 


: 11 Broadway, New York 4, N. Y. 
Other bolt potterns built to your needs in o wide AIR engineering 
range of capacities and torque requirements 4 
the modern way to faster production 
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—for fast 
sound welds at 
lower cost on 


Uniform quality in a size 
and type for every need: 








AWS Class E6010 
AWS Class E6011 
AWS Class £6012 

.. AWS Class £6012 
.. AWS Class £6013 
. AWS Class E6013 


AWS Class £6012 
Modified 
AWS Class £6020 


4 


Harcast — for non-machinable welds 
Nicast — for machinable wel 











HARD TO WELD STEELS 4 





Low-Hydrogen Electrodes 
AWS Class E6015, E7015 
: AWS Class E7015 
EES 1 AWS Class E8015 
AWS Class E8015 
AWS Class E9015 
AWS Class E9015 
AWS Class E9015 
. AWS Class E9016 
AWS Class £10,016 
. AWS Class £10,016 


P&H #2) . AWS Class £12,016 





FOR STAINLESS STEELS 





AW-3C 
Harstain 
Harstain 
Harstain 
Harstain 
Harstain 
Harstain 
Harchrome 5 Cr... 
Harchrome 16 Cr. 





"FOR HARD SURFACING < 





Hartop Brown ... .Rockwell C — 35-40 
Hartop Green ... .Rockwell C — 45-50 
Hartop Red ..... .Rockwell C — 50-55 
Hartop Yellow ...Rockwell C — 58-63 





No matter what your welding 
problem may be there is a P&H elec- 
trode that helps you do it better, 
easier, faster—and for less. Let 
your P&H representative or distribu- 
tor show you. Write for bulletin. 


WELDING DIVISION 


HARNISCHFEGER 
CORPORATION 
4514 West National Ave., Milwaukee 46, Wisconsin 
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ASSEMBLY .. . continued 


Line Welding Speeds New Armored Hulls—Oct 
27, ‘52, p20 

Transfer Cars Keep Assembly Moving—Nov 10, 
52, p32 

Ingenious Machines Weld Thin-Wall 
Tanks—Nov 24, ‘52, p25 

Flame-Fluxing Brazes High-Strength Assemblies— 
Nov 24, ‘52, p133 

induction Brazing Can Be Used for Copper and 
Copper-Alloy Parts—Nov 24, ‘52, p138 

Novel Methods Arc Weld High-Strength Alloys— 
Dec 8, ‘52, pli9 

Air and Ideas Make Spotwelder Automatic—Dec 
22, “52, p104 

Target Fixtures Precision-Weld New Gun Pedestal 
—dJan 5, °53, pli5 

Thin Phos-Copper Strips Speed Brazing—Feb 2, 
‘53, pl24 

Air Press Assembles Tiny Switches—Feb 16, ‘53, 
p143 

Brazing Alloy Is Clad to Strip——Mar 2, ‘53, p110 

HF Brazes High-Vacuum Joints—Mar 16, ‘53, p13! 

What To Do About Certifying Your Induction 
Heater—Mar 16, ‘53, pl44 

it’s Easy to Braze Titanium—Mar 30, ‘53, p120 

Welding Fuel Tanks in Aircraft Production—May 
12, ‘52, p70 

Air Power Saves Assembly Time—Aug 7, ‘50, p89 

Conveyorized Coordinated Assembly Speeds Job-Lot 
Production—Dec 24, ‘51, pll7 

Conveyors and Convenience Cut Switch-Assembly 
Costs—May 12, ‘52, p136 

Air Can Clamp Small Parts, Too—Apr 2, ‘51, pl16 

Silicon Bronze Weldment Replaces Cast Iron in 
Venturi Fabrication—Mar 16, ‘53, p199 

Mechanized Dip Soldering Makes Better TV Sets 
—Aug 17, ‘53, p104 


Stainless 





MANUFACTURERS’ 
FREE 
LITERATURE 


STRANDED ELECTRODES — Air Reduction 
Sales Co, 60 E 42nd St, New York 17, NY. 12 
page reprint from the Welding Journal discusses 
use of stranded wires in the inert-gas-shielde | 
metal-arc consumable electrode Aircomatic weld 
ing process. 


STAINLESS ELECTRODES—A O Smith 
Corp, 3533 N 27 St, Milwaukee 1, Wis. 24-page 
catalog is first by company on stainless-steel 
welding electrodes, and covers electrode metallur- 
RY, specifications, applications, and recommenda- 
tions. Tabular material shows sizes and grades. 


TRANSFORMER—Sciaky Bros, Inc, 4915 W 
76th St, Chicago 38. Bulletin 328-10 is a data 
sheet on the unit welding transformer, kva rat- 
ing to 70, and weights to 210 Ib. Unit is for in 
direct series welding. 


FLAME CUTTING—Air Reduction Sales Co, 
60 E 42nd St, New York 17, NY. Booklet called 
“Advanced Automatic Flame Cutting for Ma- 
chinery Weldments” relates how a power shovel 
manufacturer converted from castings and riv- 
eted structures to weldments. Problems of change- 
over discussed, along with description of how 
electronic tracer helped increase production. 


ELECTRIC SOLDERING IRONS — Hexacon 
Electric Co, 135 W Clay St, Roselle Park, NJ 
4-page catalog 106 illustrates additions and im 
provements to line of 40 models in seven types, 25 
to 700 w; % to 13-in. tips. Includes prices. 


WELDING EQUIPMENT — Liquid Carbonic 
Corp, 3100 S Kedzie Ave, Chicago 23. Catalog 
of welding and cutting equipment includes com 
plete line of Gasweld equipment for welding, cut 
ting, and heat-treating. 


WELDING—Ampco Metal, Inc, 1745 S 38th St, 
Milwaukee 46, Wis. Wall-chart (20 x 29% in.) 
includes RWMA specifications for spotwelding 
similar and dissimilar metals. Other charts have 
data on properties of Ampco Weld, high con- 
ductivity alloys, projection welding, and other 
information. Photos of Ampco holders, tips, 
shafts, wheels 


SHIELDED-ARC WELDER—Lincoln Electric 
Co, Box 3115, Cleveland 17, Ohio. 8-page bulletin 
1337 covers engine-driven welders for industrial 
application; including gasoline and diesel drives, 
dual control and dual continuous control, and with 
ratings to 600 amps. 


WELDING PROPERTIES—Taylor Forge and 
Pipe Works, PO Box 485, Chicago 90, Iii. 
ASME paper No. 53-A-70, “In-Plane Bending 
Properties of Welding Elbows” presents results 
of strain gage studies on relatively heavy Weld- 
ELLS having a ratio of bend radius to normal 
pipe size of 14:1. Results compared to theory. 
Bulletin 534. 


WELDING & CUTTING EQUIPMENT—K-G 
Equipment Co, Allentown, Pa. 21-page catalog 
54E contains illustrated information on torches, 
tips, attachments, adapters, fittings, wrenches, 
regulators. 4-page price list included. 


HELIWELDING PROCESS — Air Reduction 
Sales Co, 60 E 42nd St, New York 17, NY. 16- 
page catalog 2300 covers features and equip- 
ment for tungsten arc welding process using an 
inert-gas shield of helium or argon or both for 
joining hard-to-weld metals. 


BRONZE ELECTRODE & FILLER ROD 
WELDING—Ampco Metal, Inc, 1745 S 38th St, 
Milwaukee 46, Wis. 24-page bulletin W-17 de- 
scribes complete line for use with metal-arc, 
carbon-arc, inert-gas tungsten-arc, submerged-arc, 
and inert-gas consumable electrode processes. In- 
cludes technical information, procedures, and 
charts. 


SPOT WELDING GUN—Air Reduction Sales 
Co, 60 E 42nd St, New York 17, NY. 4-page 
illustrated folder covers Aircospot process and 
equipment. Inert zas-shielded gun welds from one 
side only, without need for back-up plates. 


WELDING EQUIPMENT—National Welding 
Equipment Co, 218 Fremont St, San Francisco 
5, Calif. 36-page catalog lists and illustrates 
welding and flame-cutting equipment. Informa- 
tion brochures with construction details and 
operating suggestions listed. 


WELDING ALUMINUM — Aluminum Co of 
America, Alcoa Bldg, Pittsburgh, Pa. 176-page 
book describes latest developments. Practical 
methods illustrated, selection of welding method, 
performance of welds, welding of aluminum cast- 
ings, and quality control data included. 


WELDING JIGS & FIXTURES—Reed Engrg 
Ceo, 1003-17 W Fairview Ave, Carthage, Mo. 16- 
page general catalog covers complete line; in- 
cludes data on new machines particularly designed 
for the tank fabrication field. 


ARC-WELDING EQUIPMENT—Tweco Prod- 
ucts Co, Boston at Mosley, Wichita, Kans. 12- 
page catalog, Twecolog 9, covers line of electrode 
holders, ground clamps, cable connectors and 
accessories. 


SEAM WELDER—Sciaky Bros, Inc, 4915 W 
67th St, Chicago 38. Folder shows MP 2 air 
operated, press-type, low-impedance, single-phase 
seam welder with 3-in. electrode stroke and op- 
tional features. 


WELDING ACCESSORIES—Metal & Thermit 
Corp, 100 E 42nd St, New York 17, NY. 20-page 
illustrated 1954 catalog covers electrode holders, 
helmets, ground clamps, tools, cable, and re- 
lated products. 


WELDING PLATEN—Acorn Iron & Supply 
Co, Delaware Ave & Poplar St, Philadelphia 23. 
4-page flier on bending block, or welding platen, 
shows uses, sizes, and accessories. Platen is hase 
for work. 


METALWORKING POWER TOOLS~—-Delta 
Power Tool Div., Rockwell Mfg Co, 400 N Lex- 
ington Ave, Pittsburgh 8, Pa. Folder contains il- 
lustrated data on portable tools for a variety of 
production applications. Includes drill-presses, 
bandsaws, finishing machines, shapers, grinders, 
welders, and accessories. 


AIR DRIVERS—Ingersoll-Rand, 11 Broadway, 
New York 4. 20-page booklet, “‘Production Pay- 
off,” is a reference manual on air-powered screw- 
drivers, with a number of applications shown 
with savings. Also included are ad g of 
air cushioning, predetermined torque action, speci- 
fications on 46 sizes of screwdrivers, and acces 
sories for all threaded fasteners. 
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...industry’s greatest team fer 
low cost, high speed hand welding 





Lowest manual welding costs 
are achieved with “Jetweld”, the 
high speed welding electrode de- 
veloped and introduced by Lin- 
coln, and ‘“‘Fleetwelder”—Lincoln’s 
AC transformer-type welder. 


For the first time, “Jetweld” 
utilizes powdered metal in the 


electrode coating ... enabling use 
of higher currents to speed weld- 
ing. Iron powder becomes an ad- 
ditional source of metal for the 
weld. Welds are more uniform, 
free of undercut, of X-ray quality. 


THE RESULT: Average increases 
in speed of 35%... and more. 


CHECK LINCOLN’S NEW LOW PRICES 
Lincoln’s new combination of 
lower AC machine prices and 
faster welding with “Jetweld” can 
cut your welding costs. See for 
yourself. Have your Lincoln repre- 
sentative check your requirements 
for electrodes and welders. Call 
or write. 


rue LINCOLN ELECTRIC company 


Dept. 2008 


CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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welding 
cost-cutters 


P&H DA-200 AC-DC 
200-AMP. WELDER 
The only welder 
that gives you 
either AC or DC 
current at the flip 
of a switch. Oper- 
ates on 220/440- 
volt, 50/60-cycle cur- 
rent—single phase. 





P&H TI-295 
Low-CosT 

295-AMP. AC WELDER 
Top amperage, 295 

— open-circuit 
voltage, 75. The 

only low-cost, 
intermittent welder 
that lets you. weld 
with low-hycdirogen 7 
and stainless-steel 

electrodes. 





inate 


P&H DC-500- CP 
CONSTANT 
POTENTIAL 

DC POWER SOURCE 
Helps you cut costs 
by applying the 
central-station 
principle to your 
welding. Designed 
so that two or more 
units can be par- 
alleled, with a 
balanced condition 
over all units. Oper- 
ates on 220/440- 
volt, 60-cycle, 
3-phase current. 


P&H WN-250 
ENGINE-DRIVEN 
ARC WELDER 
NEMA-rated at 200 
amps. — but pulls 
300 amps. Has full 
20-gallon gas tank. 
Welding range 
30-200 amps. Also 
available with 2- or 
4-wheel mounting. 


P&H WN-180 
ENGINE-DRIVEN 
ARC WELDER 


A truly portable 
weld a Weighs 
only 425 lbs. Air- 
cooled. Output 
range, 20 to 220 
amps. Also avail- 
able with 2-wheel 
mounting. 
2608 
Ask your P&H representative for complete in- 
formation, or write for free catalogs giving 


full details. 
WELDING DIVISION 
HARNISCHFEGER 


CORPORATION 


4514 West Nati I Ave., Mil kee 46, Wisconsin 
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MANUFACTURERS’ FREE LIST ... continued 


PORTABLE TOOLS—Precise Products Corp, 
1328-30 Clark St, Racine, Wis. 12-page catalog 
presents complete line of portable electric grinder- 
millers, power quills, and machine-tool mounts 
and accessories. Listings include illustrations, 
specs, general description, and model numbers 
with sizes. 


AIR TOOLS—Aro Equipment Corp, Bryan, 
Ohio. 76-page catalog 61 describes complete line. 
Specifications, features of each illustrated. Ac- 
cessories listed. 


IMPACT TOOLS—Black & Webster, Newton 
58, Mass. 8-page illustrated catalog describes line 
of solenoid-operated production tools, including 


| Electro-punch, Electropress, and accessories. Ap 


plication data included. 


AIR-POWERED DEVICES—Mead Specialties 
Co, 4114 N Knox Ave, Chicago 41, Iil. 52-page 
catalog illustrates products for use in forming 
automatic or semi-automatic production machines. 
Covers cylinders, clamps, presses, workfeeders, 
vises, valves, etc. 





Practical Ideas 


| Selected from recent issues 











Spherical Seats Aid 
Die Spring Application 


Shown above are two applications of die 
springs which involve a long stroke pivot- 
ing around a dowel pin. Under this 
condition, it is not practical to have the 
spring seat in a cavity in the die, because 
during the long stroke, the spring would 
become distorted as the members of the 
die moved. 

To establish a floating seat, the spring 
is mounted between two ball bearings, as 
shown. These balls are set into drill spots, 
to allow the spring to float through the 
stroke. 

Another application has two mating 
members, each of which has a spherical 
head. Both heads are mounted in their 
respective drill spots. The projecting 
stud which slides within the other mem- 


| ber is not needed, except to retain the 


4 
~-Toolbit 


spring in case the spring breaks. Inc 
same principle could, of course, be ap- 
plied to any similar situation, provided 
the type of spring is suitable—that is, the 
spring must be “self-supporting.” F C 
Elmo, Dayton, Ohio 


\ Shank fo suit 





Adjusting 
screw 


/ = 











Clampscrews 











Side view 


Inexpensive Boring Head 


Our job shop is fairly well equipped, but 
there are some tools which are still a 
luxury for us. One of these is a large 
boring head. We sometimes need such 
a tool, so we designed and built one. 

The commercial tool is usually built 
with a dovetail slot, but we decided we 
would use a round bar, which can be 
fitted to a carefully reamed hole. 

We made several bars of different 
lengths. The tool feed is controlled by 
a feed screw. For blind holes we have 
an offset boring tool in the end of the 
bar. The body is split, as shown, to 
allow secure clamping. The shank is 
offset to clear the adjusting screw. 
H Koslow, Bronx, NY 

_tHondwheel 


‘ 
NY 


" \. Slide 
“Adjusting Sprocket 


screw 
Chain and Sprocket Serve As 
Simple Toothed Rack 


Regular machine-chain can be used as a 
toothed rack where the rack serves for 
manual sliding of members, and accu- 
racy is not important. 

The chain is anchored to the frame 
at one end, and provision is made to 
tension the other end. The simplest 
arrangement is screw-tensioning. The 
chain should be supported along its whole 
length on the side opposite the sprocket. 
Haim Murro, Bavonne, NJ 
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100,000 rises wast 


PROVE LONG LIFE OF 


All across the country where this automatic edge 
tester has been demonstrated with Urica® pliers, thou- 
sands have marveled at the rugged, long life of the 
Urica cutting edge. 

Pliers used are standard, out of Utica stock, and 
the wire is .080 hardened steel plow wire (Rockwell “C”’ 
47 Tensile Strength 224,000 P.S.I.). Utica standards 
require at least 100,000 cuttings — yet this minimum is 
often exceeded in our continuing laboratory tests. 

The secret is Urica’s own process of extra harden- 
ing the cutting edges. Ask for Utica, and get the benefit, 
of ionger tool life. 


Note that in this 
grueling test all 
cuttings are made 
same points of cut- 
ting edges. In ac- 
tual use, the wear 
would be some- 
what distributed. 


OTICA’screw vrivers 


Ask about the new line of Utica 
Screw Drivers — typical in quality of 
all tools by Utica. 





DROP FORGE AND 


UTICA 4, NEW YORK CORPORATION “UTICA” (When referring to the line of hand tools) and 
in Canada: Adiam Tool & Supply Co., inc., Montreal “UTICA TOOLS" are Trade Marks Reg. U.S. Pat. Off. 
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Operations most commonly 
performed toward the end 
of a productions process 
include heat treating, 
cleaning, and a wide range 
of finishing processes. 

They are grouped 

under appropriate headings 


@ HEAT TREATING 


Automatic heat treating 
Induction heating 
Flame hardening 
Special materials 
Heat treating—general 


@ CLEANING 


@ FINISHING 


Plating 

Painting 

Other surface treatment 
Barre! finishing 
Finishing—general 





Heat treating, cleaning, f 


HEAT TREATING 


Automatic heat treating 


Uniformity of hardening is main- 
tained by limiting amount of work 
that passes into furnace to 500 lb/hr. 
Work, torsion bar springs, is loaded on 
platform which tips into vertical posi- 
tion for automatic switch to elevator 
that fills hardening zone. AM—Aug 3 
53, pl17 


Automatic production line heat treats 
50,000 screws per hr, yet handles 
them carefully. 110-ft line carries 
screws through 7 operations in 2-hr 
cycle, including weighing, washing, 
hardening, quenching, tempering, and 
rustproofing. AM—Aug 31 ’53, p73 


Automatic heat-treat installation is op- 
erated by one man who loads and un- 
loads cylinder barrels for continuous 
heat treat, quenching, degreasing, and 
drawing. Free and live rolls, hydraulic 
rams, and timers permit delivery of 
finished units back to starting point. 
Operator can see work in transit at 
rear of furnace in a mirror on wall at 
aisle adjacent to end of furnace. AM 
—July 19 °54, p122 


Artillery shells are handled through 
heat treating processes by fully auto- 
mated setup at Rockford Ordnance 
plant. BW—Sept 26 °53, p68 


Ford crankshafts are annealed in auto- 
matic equipment that moves them 
through the furnaces two abreast, 
transports them broadside to and 
from a press, and takes them to a 
delivery conveyor. AM—Oct 12 ’53, 
p179 


Selective hardening of gear teeth can 
be performed in a salt bath by mount- 
ing several gears at a time on a shaft 
which is rotated by a variable speed 


drive. The gears are lowered into the 
bath just far enough to cover the teeth 
and rotated at 76 rpm for 4% min. 
Carryover of the salt protects teeth 
from oxidation. At end of cycle, drive 
is uncoupled and shaft is lowered into 
quench tank. Distortion is negligible. 
AM—May 10 ’54, p132 
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Magnetic rollers— these 
ore set at an angle to 
provide feed motion 


Insulating guide sheeve 
Coit _desaits 


PROGRESSIVE INDUCTION HARDENING 
of cylindrical parts can be performed by 
motor-driven fixture. Parts feed by gravity 
down V-ways to power-driven magnetic roller 
set at slight angle to provide forward feed. 
A copper pressure pad keeps work in con- 
tact with roller. Work is fed through induc- 
tion coil and quench ring, then picked up 
by second magnetic roller and pressure 
block and fed to discharge chute. To main- 
tain alignment which may be disturbed by 
magnetic rolls, ceramic sleeve is fitted to 
coil. M—Sept 12 ‘53, pI515 


Induction heating 


Fixtures for holding work during in- 
duction heating may absorb enough 
power to prevent proper heating of 
the work. Fixture parts near the coil 
should be made from insulating ma- 
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ishing 


terial or, if this is not possible, of con- 
ductive material, such as copper. M— 
Sept 12 °53, p1513 


Induction annealing unit treats only 
certain areas. of blanks to prevent 
tearing in press. Protective atmos- 
phere is not required, parts are not 
distorted, and less floor space is re- 
quired than when parts were annealed 
all over. AM—Oct 12 °53, p163 
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CONTINUOUS INDUCTION HARDENING 
of circular cotters is performed in rectang- 
ular ceramic feed tube around which coil is 
wound. Motor-driven cam operates pushrod 
to feed work from magazine at the rate of 
one every 4 sec. Springs return pushrod at 
end of stroke. Rate of feed is ad’usted so 
work remains in coil long wnough to reach 
850 C. Parts fall from feed tube into quench 
tank. M—Sept 12 ‘53, pi516 


Induction hardening of small shafts 
eliminates straightening operation after 
heat treat, isothermal annealing im- 
proves machinability and eliminates 
shot-blasting for scale removal of 
forgings at Ford plant. AM—Oct 12 
*53, p173 


Induction hardening setup for Ford 
tractor gears replaces manually oper- 
ated cyanide baths. Gears are rotated 
mechanically during heating, dropped 
automatically into a quench tank, then 
removed by a conveyor. AM—Oct 12 
53, p180 


‘AM production nuggets... 


Induction hardening machine pro- 
duced in East Germany will heat 
treat all the bearings, a total of 14, 
on two four-throw crankshafts simul- 
taneously. Two sets of seven coils are 
supported and gyrated by a lower pair 
of identical crankshafts. Each bearing 
is heated and quenched in succession, 
and total time is 4 min. M—Oct 24 
°53, p1787 


Induction-hardened parts can be 
quenched by air jet at hardening ma- 
chine instead of conventional water 
quench. Process is used on wrenches 
and pliers requiring hard working sur- 
faces and tough cores. AM—Nov 9 
‘53, p124 


Flame hardening 


Special fixture rotates ring gears 
rapidly in flame-hardening setup so 
all teeth are heated at same time and 
are equally treated. AM—Nov 9 ’53, 
p125 


Special flame-hardening machine de- 
veloped by Monarch Machine Tool 
Co is 60 ft long and can handle bed- 
ways of any Monarch iathe. Six 
torches handle both vees and both 
flats simultaneously to a depth of % 
in. or more, and a Scleroscope reading 
of 70 to 72 Shore. Moving carriage 
carries bed through flame and water- 
wall quench at controlled speed. AM 
—Jan 4 ’54, p2 


Flame hardening of gear teeth can be 
performed simultaneously with fiane 
cutting, by applying preheat to the 
blank in the tooth area, cutting, and 
quenching with water. Hardening is 
the result of carbon migrating into 
the flame-machined surfaces during 
cutting. See illustration under Weld- 
ing. WE—April ’54, p54 
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MACHINING 


TOOLING 


PRESSWORKING, 
MOLDING, CASTING 


INSPECTION, TESTING, 
QUALITY CONTROL 


ASSEMBLY, WELDING, 
PORTABLE TOOLS 


HEAT-TREAT, CLEANING, 


FINISHING. 
\ 
| \4 


MATERIALS, COMPONENTS 


MATERIALS HANDLING, 


SERVICES ! 


PRIZE IDEAS, 
REBUILT EQUIPMENT 





AM production nuggets . .. HEAT TREATING, CLEANING, FINISHING 


Special materials 


Recommended heat treatment for gage 
steels to prevent dimensional instabili- 
ty is: Stress relieve 1 hr at 1100 F, 
rough machine to 0.020 in. oversize, 
heat to and hold 1 hr at 1450 F. Oil 
quench. Double temper at 350 F for 
2 hr. Cool to room temperature. Sub- 
cool to —140 F and hold 1 hr. This 
applies to steels with C 0.80-1.05, Mn 
1.25-2.00, Si 0.25-0.50, P 0.02 max, 
S 0.03 max. AM—Sept 14 °53, p121 


Recommended heat treatment for cold- 
extrusion punch made of Star-Zenith 
18-4-1 (T1) HSS is to harden in salt 
bath from 2350 F, double draw at 
1050 F to Re 62 to 64, then liquid- 
nitride for 5 hr at 1000 F to develop 
surface harness of Ro 72 to 74, 0.001 
in. deep. Die ring, of Vega manga- 
nese-chrome-moly, non-deforming, air- 
hardening die steel should be heat 
treated to Re 58 to 60. AM—May 24 
54, pl69 


Best heat treatment for ductile iron 
dies is: full anneal casting, rough ma- 
chine, harden, grind, and hone. Bore 
of header die is differentially hard- 
ened by oil quenching to 55-58 Re. 
After quenching, stress relieve at 
375 F. AM—Dec 7 ’53, p134 


New heat-treat cycle introduced at 
Lockheed on 4340 steel increases the 
tensile range to 260,000 to 280,000 
psi, in place of the usual 180,000 to 


200,000 psi. Cycle is: Normalize at 
1600 F, austenitize at 1500 F. Parts 
to 1 in. dia are heated 45 min, held 
at heat 1 hr; parts 1- to 2-in. dia are 
heated 1% hr, held 2 hr. After oil 
quench, draw 4 hr per in. cross-sec- 
tion at 400 to 500 F (4 hr min), then 
heat at 250 F for 24 hr. AM—Dec 7 
°53, p177 


Improved heat treating techniques en- 
able SAE 4340 steel to reach 300,000 
psi tensile strength. Cycle for parts 
machined from 2-in. bar at Lockheed 
is: normalize at 1600 F for 4 hr; 
austenitize at 1475 F for 4 hr; oil 
quench; temper 8 hr at 400 to 500 F; 
bake 24 hr at 250 F. Controlled- 
atmosphere or neutral salt baths must 
be used. After grinding or cold 
straightening, bake 4 hr at 375 F, and 
shot peen. Bake 4 hr after pickling or 
electrolytic or phosphate cleaning, 8 
hr after electroplating, at 375 F. AM 
—July 5 ’54, p135 


Annealing is first step in preparing 
stainless steel for ceramic coating. 
Parts are held at 1800 F for 10 to 15 
min to relieve stresses and bring out 
scale on the surface to improve effect 
of pickling or etching. AM—Dec 21 
’53, p97 


Aluminum alloys of certain types can 
be modified in their physical proper- 
ties by heating, quenching, and freez- 
ing. Times and temperatures involved, 
and corresponding temper designa- 


Annealing Treatments for Gray Iron 





Treatment Purpose Type 


Temp.,F 


Time, Min. Cooling Procedure 





per in. of 


cross-section | Type Rate 





Low Breakdown of pearlite to | Plain and 
Temperature | ferrite and graphite for | low alloy 
maximum machinability | irons 


1300-1400 | 45-60 


100 F per in. 
between 
1,000—550F 





Medium Above High alloy 
Temperature irons 


1450-1650 Approx. 45 


From anneal- 
ing to 550F 





High Elimination of massive 
Temperature 


High alloy 
carbides in mottled or irons 
chilled areas. 


Retention of maximum 
Strength and hardness, 
maximum machinibility 








1650-1750 | 60-80, plus 60 





1000-550F 
min. per in. 
of section 
thickness* 

Above 














*Corbides may often be eliminated in shorter times. 


G2 


PE—May ‘54, pl42 


tions, are given in a table. AM—Dec 
21 °53, pl117 


Distortion of 75S aluminum during 
heat treatment is major headache for 
aircraft companies. Uniform quench- 
ing is the real problem. Some are em- 
ploying a free-fall quench from over- 
head furnace into tank. Others em- 
ploy boiling water, quenching in cold 
metal dies, or in a die set in which the 
lower die is replaced by a container 
of small steel shot which can conform 
to the part shape and provide the cool- 
ing effect of cold metal. 4M—July 5 
54, pl44 


For solution heat treating extrusions 
from Alcoa’s 14,000-ton press, a 120- 
ft horizontal conveyor furnace has 
been built. It is gas-fired, and is fol- 
lowed by a spray-quenching chamber. 
Vertical electric furnaces with immer- 
sion quenching are provided for parts 
up to 40 ft long. AM—June 7 ’54, 
p173 


Beryllium-copper contacts are hard- 
ened for spring action by nesting in 
a holding fixture and heating in a 
stainless-steel pot with a flow of inert 
gas (95% Ne, 5%H2). About % hr is 
required to reach temperature of 600 
F, 2% to 3 hr for hardening. Electric 
oven supplies heat. Pot is cooled for 
5 to 10 min in air with gas flowing, 
then cooling is hastened by covering 
pot with a wet cloth. AM—Feb 1 ’54, 
p100 


Annealing of tantalum is performed 
above 2100 F in high vacuum with 
special equipment. One way is to heat 
in a high-frequency induction furnace 
with the parts inside an evacuated, 
fused-silica, tantalum-lined tank. Parts 
must cool almost to room tempera- 
ture before tank can be opened. AM 
—April 12 °54, p190 


Some hardening of tantalum can be 
performed by heating the metal red 
(300 to 350 F) in pure oxygen. AM— 
April 12 °54, p191 


Zirconium forms heavy scale when 
heated in air, and is best heated in 
an electric furnace with a flow of inert 
gas to minimize contamination. Induc- 
tion heating in salt or lead baths offers 
definite advantages. Heating in molten 
salt baths provides rapid and uniform 
heat for extrusion, and the salt acts 
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as a lubricant. AM—April 12 °54, 


p199 


Heavy sections of zirconium can be 
annealed in air at 1300 to 1550 F, de- 
pending on grain structure required 
and type of material. Light sections 
and parts having hard-to-clean sur- 
faces, such as the inside of tubes, 
should be annealed in inert gas at- 
mospheres or vacuum. The latter ap- 
pears to prevent contamination better 
than the gas, and may be more eco- 
nomical. AM—April 12 °54, p201 


Heat treating . . general 


Understanding of the S curves assists 
in formulating the most suitable heat 
treatment to obtain desired physical 
properties in steels. They are explained 
in detail, and examples given. AM— 
Aug 31 °53, p112 


Jominy tests determine the hardenabil- 
ity of a steel and make it possible to 
determine the hardness depth obtain- 
able by a specific treatment on bars of 
varying diameter. AM-——Aug 31 °53, 
p13 


Iso-thermal annealing improves ma- 
chinability, reduces distortion, and 
eliminates need for shot blasting on 
steel forgings at Ford plant. AM—Oct 
12 °53, p173 


World’s longest salt bath for isother- 
mal quenching has been built by Ajax 
for heat treating spars for Piasecki 
helicopters. Baths are 30 ft long and 
handle 20-ft spars of varying section 
shape and thickness. AM—Nov 23 
*53, p169 


To determine neutrality of a neutral 
salt-bath furnace, put a used razor 
blade into it for 10 min at temperature, 
then water quench. If the blade bends, 
carbon content of bath is depleted, so 
bath is decarburizing. If the blade 
snaps, the bath is neutral. Blade is used 
because its thinness makes it extremely 
sensitive to oxidizing. Test is important 
because decarburizing can reduce 
strength of steel by 4%. AM—Jan 18 
54, p273 


To avoid scale formation on tool steel 
when hardening by conventional meth- 
ods, first heat the work to “blue” heat, 
rub with a bar of laundry soap to 
cover the entire surface, and continue 


the heat treatment. The finished tool 
will be clean and free from scale. AM 
—Mar 29 °54, p130 


Properties of both pure metals and al- 
loys can be materially affected by heat 
treatment. The original melting and 
cooling of the metal to produce the 
first, cast condition, however, have 
much to do with its properties. An ap- 
preciation of the phenomena of grain 
formation is essential for understand- 
ing what goes on during heat treat- 
ment and why and how fracture and 
corrosion can occur. AM—April 26 
54, p125 


Annealing operations are usually es- 
sential between the various steps of 
drawing and ironing. Heat brass to a 
temperature not over 1150 F for a 
length of time to obtain following 
grain sizes: After cupping and first re- 
draw, 0.060 to 0.030 mm; after inter- 
mediate redraws, 0.055 to 0.070 mm; 
for final redraw, 0.030 to 0.045 mm. 
Time at heat may range from 10 to 
30 min, depending on size and wall 
thickness of shell and type and ca- 
pacity of furnace. A4M—July 5 °54, 
p128 


CLEANING 


Cleaning tank for airframe compo- 
nents, using chromodize-iridite process, 
holds 18,000 gal. of cleaner. AM— 
Aug 3 °53, p154 


Fumes from pickling acid can be pre- 
vented from escaping and corroding 
near-by equipment by an additive that 
forms a foam blanket on the surface 
of the acid. Cowles Chemical Co., 
Cleveland, “AA Compound.” AM— 
Nov 9 ’53, p97 


Ultrasonic cleaning saves GE $10,000 
a year on cleaning jet engine com- 
ponents. On ball bearings for Minia- 
ture Precision Bearings Co, time has 
been reduced from 10 min to 30 sec, 
and potentiometer noise has been 
eliminated by removing dust at Fair- 
child Camera & Instrument Co. AM— 
Mid-Nov °53, pE10 


Continueus, automatic washing ma- 
chines remove chips, dirt, tripoli, and 
other forign matter faster and more 
efficiently than is possible by other 
methods. AM-—-Mid-Nov °53, pE11 
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Electrolytic, molten salt bath, known 
as Kolene process, removes grease and 
other organic material, as well as rust 
and scale. It will even remove graphite 
from the surface of cast iron, making 
silver brazing possible. AM—-Mid-Nov 
53, pE11 


Cleaning cycle for stainless steel to be 
ceramic coated involves hydrochloric 
acid, hot water, compound acid, hot 
water rinse, neutralizer, and dryer. 
Scale must be removed and surface 
etched completely clean. Sand-blasting 
at low pressure is also required but 
cannot replace the acid treatment. 
Flint is most effective blasting medium, 
better than silica, grit, or shot. AM— 
Dec 21 °53, p98 


Inside of long pipe sections is cleaned 
by wire brushes mounted on long shaft 
driven by air motor. Drive end of 
shaft is mounted on wheeled carriage 
for feeding the brush through the pipe. 
Brushes are adjustable for different 
diameters, and machine will handle 
work up to 60 ft long. AM—Jan 4 
"54, p95 


Beryllium-copper contacts are cleaned 
by immersing in 10% sulfuric acid for 
15 min to | hr. This will remove 
stains without etching the metal. AM 
—Feb 1 °54 p100 


Washing machine at AC-Delco, Eng- 
land, for oil-filter components was 
made to company’s own design. It 
consists of a perforated, power-rotated 
drum, 5 ft in dia and 26 ft long. A 
helical scroll on the inside feeds the 
stampings through the drum at 7% 
ft per min. Cleaning fluid jets are ar- 
ranged down the axis of the drum. M 
Feb 20 54, p308 


Tantalum parts for electronic tubes can 
be cleaned by blasting with No. 90 
steel grit for a few seconds at 20 to 
40 psi, followed by cleaning in hot, 
strong hydrochloric acid, and rinsing 
thoroughly in distilled (not tap) water. 
Grit should be sharp and applied at a 
small angle to the work to produce 
whiskers that will increase the surface 
area. Dull shot will only indent the 
surfaces. AM—April 12 °54, p194 


Usual cleaning methods used for steel 
work also on tantalum and columbium, 
except hot caustic and hydrogen firing. 
Chemical cleaning can be done with 
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hot chromic acid. Potassium chromate 
can be used, but potassium residue 
may be left in cracks. Chromium tri- 
oxide is better—keep it red and at 
230 F. If it turns muddy or green, 
dump it. Rinse with distilled water, 
and dry in warm, dust-free air. AM— 
April 12 °54, p195 


Scale on hot-rolled strip or sheet zir- 
conium cannot be removed by sodium- 
hydride, caustic, or HNO,-HF baths. 
Usual procedure is to sand or shot 
blast and follow with HNO,-HF 
pickle to remove about 1 mil of zir- 
conium. Standard H,SO,, HCl, and 
HNO, baths will not pickle the mate- 
rial. AM—April 12 °54, p200 


Parts to be hard faced may be cleaned 
by scrubbing with solvents, rubbing 
with steel wool, wire brushing, or by 
machining. In the latter case, a rough 
cut of 1/16 in. is made on areas where 
dimensions are critical. AM—May 24 
54, p128 


Correct cleaning procedure for alumi- 
num, prior to electroplating with nickel 
to permit soft soldering by conven- 
tional methods is essential to success 
of the operation. Preparation for plat- 
ing is at least as important as the 
plating itself, because contaminated 
surfaces will not plate with sufficient 
strength to permit a sound soldered 
joint. Seventeen steps are involved, 
and each must be carried out carefully 
and with close controls so the surface 
of the aluminum will be absolutely 
clean and uncontaminated. Process in- 
volves twice plating with zinc, then 
stripping the plate. 4M—June 7 °54, 
pl54 


Proper cleaning is essential in prepar- 
ing aluminum for projection welding. 
Process at Ford Instrument Co is: 
Clepo 85P for 15 min; hot and cold 
water rinse; Clepo 180 for 12 min; 
cold water rinse. First pieces welded 
are tensile tested and, if weld is poor, 
cleaning cycle is repeated. 4M—June 
21 °54, pl20 


Tank engine cylinders are washed in 
kerosene at 350 gpm in special wash- 
ing machine. Cylinders are loaded 
and unloaded at one station on spe- 
cial conveyor on which work is re- 
volved during spray wash and air 
blow-off cycles, then turned over at 
best angle for draining. 4M—July 19 
*54, pl24 
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FINISHING 


Plating 


Automatic plating machine built by 
auto parts manufacturer cost half the 
price of a commercial machine, has 
twice the capacity, and requires only 
two operators instead of 12. AM—Aug 
17 °52, p85 


Gold plating is done from high-cya- 
nide, low-temperature electrolyte hav- 
ing a metal concentration of 1 oz troy 
per gal. Sel-Rex Precious Metals Inc, 
Belleville, NJ, reports hard, bright de- 
posits of 0.001 in. and thicker are 
obtained without difficulty. PE—Aug 
*53, pS 


Electroless deposition of nickel offers 
interesting possibilities for plating sur- 
faces difficult to reach by conventional 
process. Plating will take place wher- 
ever liquid can reach, there is no build- 
up on corners, coating can be con- 
trolled to close limits, and costs are 
lower than for electroplating. AM— 
Mid-Nov ’53, pE15 


Nickel plating of aluminum permits 
soldering, but must be performed with 
considerable care. Most important step 
is cleaning before plating, but special 
techniques must be employed. AM— 
June 7 °54, p155 


Chromium barrel plating is achieving 
important economies on small parts by 
eliminating the tedious racking opera- 
tions. 4M—Mid-Nov °53, pE16 


Silver plating is the key to producing 
platinum wire 30 millionths in dia. 
Wire is first drawn to 0.003 in. through 
a diamond die, then plated with 0.030 
in. of silver and drawn again through 
the -0.003-in. die. Silver is removed by 
acid, leaving the platinum to the de- 
sired dia. AM—April 26 °54, p149 


Plating barrels are loaded from me- 
chanical barrel dump and transported 
from tank to tank by overhead bridge 
crane in Ford plant. After rinsing, 
parts are dumped into a hopper, then 
fed by electric vibrator to rotating 
dryer. AM—Oct 12 °53, p178 


Automatic plating transfer machine 
employs Lisowski transfer and convey- 
ing principle, based. on two reciprocat- 
ing motions, longitudinal and vertical. 
Dwell time in various tanks can be 
adjusted, and a drying oven is incorpo- 
rated. Load is balanced so power con- 
sumption is low, and any jamming of 
work will stall machine before damage 
is done. AM—Nov 9 °53, p188 


Flame-plated tungsten carbide on a 
0.235-in. steel core rod increased out- 
put from 60,000 to 400,000 bronze 
meter bushings at American Meter Co, 


JOB-LOT PLATING TANKS are replaced by two-lane, automatic plating machine at Ford 


plant which does better work and improves working conditions. 


Parts are carried on racks 


from tank to tank, oscillated mechanically, timed automatically. AM—Oct 12 ‘53, p172 
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Erie, Pa. On 0.294-in. rod, increase 
was from 60,000 to 600,000 with only 
0.0001-in. wear. Coating is from 0.002 
to 0.010 in. thick. AM—Mar 29 ’54, 
p139 


Flame-Plating with tungsten carbide 
(Linde process) of draw dies by Ford 
has increased die life from 40,000 to 
250,000 pieces. Application of the 
coating does not raise die temperature 
above 400 F, so there is no loss of 
physical properties in the die. AM— 
May 24 ’54, p16l 


Special wax with a melting point above 
350 F is used by Boeing as a masking 
agent for selective plating of chrome, 
nickel, cadmium, copper, silver, and 
nickel. The wax can be remelted for 
re-use. AM—May 24 °54, p97 


Telephone drop wire is produced by 
Western Electric Co at the rate of 1.6 
billion ft per year by automatic elec- 
troforming. Steel wire is processed at 
100 fpm and emerges from the ma- 
chine with copper, lead, and brass 
coating, fully annealed and stress re- 
lieved. Saving on copper is half-a-mil- 
lion pounds, wire is 25% stronger and 
has better elongation, and conductive 
and corrosion-resistant qualities are 
improved. AM—July 19 °54, p157 


Painting 


Protective lacquer coat is applied to 
oilwell casing on automatic machine 
in 5 sec per 32-ft length. AM—Sept 
14 °53, p13] 


Airless paint spray system employs 
hydraulic pressure to apply hot paint. 
System is self-contained and requires 
no special training to operate. AM— 
Aug 3 °53, pl164 


Tractors are carried through cleaning, 
hot paint spray, and bake oven on 
conveyor line. Output is 1 every 5 min. 
Paint job is improved, coat is held to 
1% to 2% thousandths, and large 
savings are made in paint, labor, and 
time. AM—Sept 14 ’53, p184 


Artillery shells are painted on auto- 
matic spray machine in Rockford Ord- 
nance plant, fully automated for maxi- 
mum production. BW—Sept 26 °53, 
p69 


Storage conveyor permits porcelain 
enameling dep’t to operate when re- 
frigerator assembly line is not operat- 
ing or is working on a different model. 
AM—Oct 26 ’53, p127 


Plant painting is highly important for 
surface protection, visibility, and em- 
ployee morale. Make sure the job is 
done by a reliable contractor, and that 
you get what you pay for. Colors are 
important. For high-temperature areas, 
use aluminum or light gray—green or 
blue will not resist heat. P—Oct ’53, 
p129 


Grouping conveyor takes parts from 
chain conveyor and re-spaces them on 
close centers to obtain maximum effi- 
ciency during electrostatic spraying. 
AM—Oct 26 ’53, p127 


WORK CENTERS are shifted closer together on grouping conveyor for painting, then sepa- 
rated again for baking and trave! through shop. AIM—Mid-Nov ‘53, pEI3 
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Traveling-type spray booth built by 
DeVilbiss is employed for painting 
railway cars and buses. Unit travels on 
tracks under its own power, enables 
workers to reach all surfaces without 
dangerous scaffolding. AM—Mid-Nov 
*53, pE14 


Paint-drying ovens are heated by 
standard unit heaters in several plants. 
Costs are low, temperature can be 
controlled ‘within close limits, and 
heat-up rate is rapid, so working tem- 
perature can be reached within 5 min 
from a cold start. AM—Mid-Nov ’53, 
pE15 


Paint serves as an adhesive for attach- 
ing insulating blanket to heating unit 
panels. Original specs called for ap- 
plying with adhesive over prime coat- 
ing but, at painter's suggestion, it is 
now rolled on the wet paint in the 
paint booth. AM—Jan 18 °54, p273 


Bases of wave-guide stands are painted 
with enamel by silk-screen process, 
then coated with long-fiber flock. This 
reduces time 80% over older method 
of glueing on felt pads. Flocking is 
done by placing parts on pins in stand- 
ard flocking box and agitating 15 to 
20 secs. AM—Feb 15 °54, p136 


Paint specifications must vary with the 
particular product to which the paint is 
to be applied, and are governed by 
such factors as color retention, drying 
speed, adhesion, flexibility, hardness, 
and resistance to weather, abrasion, 
and various acids or alkalis. Informa- 
tion is given on how to select and ap- 
ply the most suitable type for a wide 
range of products. PE—Mar °54, p173 


Other surface treatment 


Phosphating of Ford parts is handled 
on an automatic dipping conveyor 
that times parts through all cycles 
without attention from an operator. 
AM—Oct 12 °53, p170 


Hard surface about 0.002 in. thick, 
and approximately as hard as case- 
hardened steel can be applied to alumi- 
num by an Alcoa process. Known as 
the MHC process, it can be applied as 
thick as 0.008 in. to build up surfaces. 
AM—Mid-Nov °53, pE17 


Automatic anodizing equipment, said 
to be the largest setup in Europe, han- 
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dies aluminum tub, lid, drain outlet 
grille, and other components of Hoov- 
er wash machines in British plant. 
Complete treatment takes 70 min. M 
—Nov 28 ’53, p1980 


Porcelain enamel can now be applied 
to aluminum, using new low-fusion- 
temperature frit developed by DuPont. 
Material is heat and acid proof, re- 
sistant to chipping. BW—Sept 5 ’S3, 
p68 


Ceramic coatings protect metals against 
hot spots and gas erosion, and may 
make steel last three times as long. 
Application of coating requires spe- 
cial techniques of cleaning, spraying, 
slip selection, and firing. Coating is 
less expensive than titanium, will stand 
higher temperatures, avoids machining 
problems, and retains the original 
properties of the base metal. AM— 
Dec 21 °53, p97 


Application of ceramic slip to metal 
work must be applied expertly, as 
thickness must be held to 0.001 to 
0.0015 in. Low-pressure and special 
nozzles are required for odd shapes. 
Dipping is fastest where practicable. 
Slushing with hose is best for inside 
surfaces, but requires considerable 
skill. AM—Dec 21 °53, p98 


Nickel-magnesia cermet can be flame- 
sprayed on stainless steel, Inconel, and 
other high-temperature alloys by a 
technique similar to metallizing. Pow- 
der is forced through a tube into the 
torch nozzle by nitrogen where it is 
fused by the burning of oxygen and 
acetylene at 5500 F. Thickness of 
deposit can be from less than 0.001 to 
0.020 in. Base metal is not heated suf- 
ficiently to cause warping or buckling. 
AW—April 26 °54, p38 


Rust-preventive lead coating announc- 
ed by United States Steel Corp re- 
places moisture and air on steel sur- 
faces, eliminating the principal cause 
of rust. Material can be applied to 
wet, brushed, rusted surfaces, dry or 


light mill-scaled steel, by dipping. 
spraying, or brushing. It dries in an 
hour. AM—Mar 1 °54, p81 


Resistance to wear and seizure can be 
improved by sulfurization in a salt 
bath consisting of 95% cyanide and 
5% sulfite which gives an active sulfur 
content of 1.27%. Drills, after sulfur- 


G6 


izing, maintained cutting edges nearly 
three times as long. Process requires a 
long soak at 1076 F and produces a 
deep penetration of sulfur said to be 
superior to the thin film produced by 
lubricants. AM—May 24 ’54, p161 


Barrel finishing 


Barrel tumbling with detergent and 
stone chips removes burrs, scale, weld- 
ing flux, and stains; replaces polishing 
wheels, grinders, files and scrapers, 
and saves company $100,000 a year in 
finishing costs. AM—Nov 9 °53, p160 


Short lengths of tubing are deburred 
by tumbling at a cost of 2¢ each, as 
against 8¢ for hand work with files 
and emery. A4M—Nov 23 ’53, p125 


Best results in barrel finishing can be 
obtained only when the process is 
properly applied. For best results, keep 
a file record of every job; it will pro- 
vide valuable guidance in selecting 
time, method, and abrasive for other 
jobs, and in estimating costs on new 
work. AM—Mar 15 °54, p125 


Barrel finishing operations divide into 
two categories: tumbling and rolling. 
Tumbling is generally for rough de- 
burring screw-machine and _ similar 
parts by rotating in a barrel with silica 
sand, pumice, or similar abrasive, the 
barrel being nearly filled. Rolling em- 
ploys abrasive chips and a compound 
in such a way that the load rolls and 
slides in a continuous flowing motion. 
It is a precise metal-removing process 
that holds tolerances and is economic- 
al, as compared to hand polishing and 
burnishing. AM—Mar 15 °54 p126 


e 


SMALL PRECISION GEARS are barrel fin- 
ished by placing on pins supported between 
end plates which are held together by a stud 
and nut. Without the fixture, parts would be 
damaged in the barrel and difficult to sepa- 
rate from the abrasive. Barrel finishing 
saves hours of tedious bench work and pro- 
duces a clean, burr-free gear. AM—June 
21 ‘54, plis 


Zinc tumbling, using zinc cones and 
balls will produce low micro-inch 
readings on ground parts and high, 
bright finishes. It will handle breaking 
of sharp edges and light burr removal. 
Ball burnishing with steel balls or 
diagonals, plus lime or neutral soap 
produces brighter finishes on work 
previously rolled with other tumbling 
agents. AM—Mar 15 °54, p126 


Start finishing barrels at 5 to 10 rpm 
to prevent nicking and remove sharp 
edges. After 30 min increase speed to 
optimum, Remember you can’t get 
good work from inferior parts, and 
you can improve, but not rectify, ma- 
chining errors. Approach shortcuts 
with caution, and check techniques 
frequently to insure maximum effi- 
ciency. AM—Mar 15 °54, p127 


Water level in a finishing barrel is 
important. For burr removal, forming 
radii, and dull finish, keep level 3 to 
4 in. below the mass. For bright finish 
keep the level 2 in. above the mass. 
This cushions the load and retards 
cutting. Varying the water level be- 
tween loads will cause a big difference 
in results. Load barrel 55 to 65% full 
for most work, 75% full if good finish 
only is required, as this will reduce 
the slide and result in minimum cut- 
ting. AM—Mar 15 ’54, p127 


Correct ratio of work to chips is most 
important factor in barrel finishing. 
Safest practice is to start with four 
parts of chips to one of work, increas- 
ing the amount of work gradually if 
this is desirable. Remember that an 
overloaded barrel can easily become 
just so much scrap. Select the com- 
pound according to the job and follow 
the manufacturer’s recommendations. 
AM—Mar 15 ’°54, p127 


Barrel-finishing chips must be of the 
right size for the work. Eliminate all 
sizes which will lodge in holes or 
recesses, also those which are the same 
size as the work. If parts and chips are 
the same size they cannot be separated 
by screening after the operation. Sift 
chips at least weekly, more often if 
delicate parts are being handled. If 
work has blind holes, sift before each 
load to remove fragments that might 
get into the parts and be overlooked 
during inspection. 4dM—RMar 15 ’54, 
p127 
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Finishing—general 


Automatic Acme machine carries six 
gear-holding fixtures around rotating 
table under four wire-brush heads to 
remove all hobbing burrs. Production 
is 316 per hr, and no hand work is 
required. AM—Oct 12 °53, p147 


Burrs and sharp edges on blade 
grooves of compressor and turbine 
disks are removed by power brushing 
on a special machine at Westinghouse. 
Two brushes positioned 90° apart are 
supplied with abrasive compound, 
and stainless steel and aluminum disks 
are brushed in two to four min per 
side, depending on blade groove de- 
sign. Brushing avoids tool marks left 
by filing and scraping and is partial 
solution to certain stress problems. 
AM—July 5 °54, p124 


Continuous deburring machine at Ford 
replaces batch equipment. Parts are 
fed from hopper, tumbled, separated 
from abrasive, and washed, all in one 
operation. AM—Oct 12 ’53, p168 


Aluminum and other soft metal parts 
are successfully and economically de- 
burred and surface finished by Maizo 
blast. Process uses ground nut shells, 
corncobs, or other soft material in a 
high-velocity air blast. AM—Oct 12 
°53, p178 


Shot peening of springs under tensile 
strain (over 80% of yield strength) 
increased fatigue life 200 times—or 
10 times strain-free peening. Shot size 
is not important, but velocity and time 
over established minimum do not add 
to durability. AM—Nov 9 °53, p177 


Gear deburring and chamfering ma- 
chine will round, point, or chamfer 
ends of gear teeth, or will mill desired 
contour on tooth ends. Single or dou- 
ble machines are available, and either 
hollow mill or pencil-type chamfers 
can be used. Gears up to 13 in. can 
be handled at the rate of 300 teeth per 
min on either spur, helical or bevel. 
AM—Dec 7 ’53, p193 


Tantalum and columbium can be pol- 
ished, but a mirror shine is impossible. 
No. 0000 metallographic cloth, wetted 
with carbon tet starts the polish. Fin- 
ishing is best done with levigated alu- 


mina-water paste on slipper satin 
cloth, AM—April 12 °54, p196 


MANUFACTURERS’ FREE LITERATURE 


VACUUM FURNACES—F J Stokes Machine 
Co, 5500 Tabor Rd, Philadelphia 20. 12-page 
bulletin 790 covers vacuum-sintering, anneal- 
ing, hardening, brazing, and degassing, with 
references to movable heat sources, tilting fur- 
naces, and movable-retort furnaces. 


STOCK FURNACE & OVEN CONTROL- 
LERS—The Bristol Co, Waterbury 20, Conn. 
2-page bulletin P1262 illustrates instruments for 
permanent mounting or portable use, and control 
accessories such as thermocouples and protection 
tubes, and the potentiometric test set. 


HEAT TREATING ALUMINUM ALLOYS— 
Reynolds Metals Co, 2500 S Third St, Lonis- 
ville, Ky. 121-page manual contains non-technical 
section on underlying principles and a section 
for the metallurgist with full technical detail. 
Glossary of terms, processing data in tabular 
form, tables of mechanical properties produced 
by various heat treatments included. Request 
company direct by letter. 


TEMPERATURE CONTROL—W heelco Instru- 
ments Div, Barber-Colman Co, 1218 Rock St, 
Rockford, Il, 8-page bulletin F6149 explains 
various types of systems, selection of sensing 
elements, correct use, and applications. 


FLAME-PLATING—Linde Air Products Co, 
Div, Union Carbide & Carbon Corp, 30 E 42nd 
St, New York 17, NY. 15-page booklet describes 
process, lists advantages, properties, and Jatest 
specifications of tungsten carbide coating. Illus- 
trates applications. 


ELECTRIC HEAT—Edwin L Wiegand Co, 
7648 Thomas Blvd, Pittsburgh 8, Pa. 32-page 
booklet, “101 Ways to Apply Electric Heat’’ 
illustrates and describes methods of heating 
liquids, air, gases, machine parts, process equip- 
ment with Chromalox heating units, 


TEMPERING—Leeds & Northrup Co, 444 N 
16 St, Philadelphia 44, Pa. 20-page catalog 
TD2-625 on Homo method contains operating 
results from five kinds of furnaces. Descriptions 
of typical installations illustrated, as well as 
specifications and data on control instruments. 


a ae TEMPERATURE CONTROL- 
LER — Minneapolis-Honeywell Regulator Co, 
rT} Wayne Ave, Philadelphia 44, Pa. 9-page 
bulletin P-811 covers new 077 model with range 
extended to cover —100 to + 600 F. Specifica- 
tions, prices, applications, as well as data on 
resistance thermometer elements and welds. 


PROTECTIVE COATINGS — Atlas Mineral 
Products Co, Mertztown, Pa. 50-page booklet 
of data on coatings described on a generic basis. 








“| don't know what's wrong with this 
thing . . . | keep getting Liberace!” 
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THERMOCOUPLES & ACCESSORIES — 
Foxboro Co, Foxboro, Mass. 36-page bulletin 
235-5 lists, with specifications, standard units 
for all applicable temp ranges. Illustrations, 
dimensional drawings, installation diagrams, sup- 
plies and accessories. 


INDUCTION HEATER — Electric Arc, Inc, 
152 Jellif Ave, Newark 8, NJ. 4-page bulletin 
5M covers Kilotron high-frequency heater, work- 
ing at 400 ke, and rated 10 kw or 20 kw, for 
production-line heating. 


THERMOCOUPLES & EXTENSION WIRES 
—Thermo Electric Co, Saddle River Township, 
NJ. 8page bulletin 31 illustrates and describes 
wires most often used for pyrometric work. 
Calibrations, gages, and strandings listed; engi- 
neering data provided in chart form. 


REMOTE BULB THERMOMETERS—Mi- 
neapolis-Honeywell Regulator Co, 4459 Wayne 
Ave, Philadelphia 44, Pa. 44-page catalog 6709 
covers selection data; recorders and indicators; 
pneumatic, electric, and program control, psy- 
chrometers; bulbs, tubing and fittings. 


THERMISTORS—Carboloy Dept, General Elec- 
tric Co, 11105 E 8 Mile Ave, Detroit, Mich. 
52-page manual TH-13 covers new data on units, 
applications, functions, characteristics. Ilustra- 
tions indicate style best adapted to specific ap- 
plication. 


RECTIFIERS—Thor Electric & Machine Wks, 
10 S Jefferson St, Chicago 6. 8-page bulletin 
5500 depicts plating rectifiers, how to install 
them, and details facilities of the company. 


BLAST CLEANING ACCESSORIES — Pang- 
born Corp, Hagerstown, Md. 28-page booklet 
300C describes accessories and supplies available. 
Engineering and selection data covers abrasives 
for specific requirements. 


CLEANING EQUIPMENT--N Ransohoff, Inc, 
North 5th St & Ford Blvd, Hamilton, Ohio. 
Catalog describes history of company, and 
short description of how company operates for 
customers, Examples then given of various types 
of equipment company produces, including wash- 
ing machinery, tumbling barrels, picklers, strip 
washers, chip separators, and other products. 


BATCH CLEANING—Magnus Chemical Co, 
Garwood, NJ. 8-page bulletin covers Aja-Lif 
cleaning mach‘nes for metal parts. Applications 
illustrated. 


PROTECTIVE PAINTS—American Chemical 
Paint Co, Ambler, Penna. Check list shows 
1netal-protective and paint-bonding chemicals for 
steel, zinc, aluminum, and other metals. It also 
lists protective processes. 


WET BLASTING—American Wheelabrator & 
Equipment Corp, Mishawaka, Ind. Illustrated 
bulletin 93 gives description, specifications, of 
Model 30 Liquamatic machine for cleaning and 
finishing operations involving small parts. 





These six Osborn Situft® Brushes on 
@ rotating head clean the wire thor- 
oughly prior toforming, eliminate film 
build-up in dies and resultant shut- 
down for removal of film. 


2 
HE spade weld screws shown here are made from wire. The prob- 
lem was to clean the wire prior to forming screws. Former clean- 
ing method caused frequent lengthy shutdowns of press for removal of 
film build-up in dies. Now, the Osborn Power Brushing setup shown 
cleans the wire thoroughly, eliminates costly downtime. 


Your nearby Osborn Brushing Specialist is constantly helping to 
make savings like this by studying the cleaning and finishing operations 
in all kinds of plants and giving a written report with recommendations 
for improvements. Why not have him make this Osborn Brushing Analy- 
sis in your plant? There is no obligation. Call or write The Osborn Manu- 
facturing Company, Dept. C-24, 5401 Hamilton Ave., Cleveland 14, Ohio. 


TO HELP YOU DISCOVER HIGHER QUALITY AND LOWER COSTS WITH POWER BRUSHING 
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Mahon Metal Cleaning and Rust Machines at G.E. One ts 
Seven-Stage for white parts. The other u-Siage fer ieee 
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One of the two Mahon Dry-Off Ovens ot the Exit End of the 
Mahon Metal Cleaning and Rust Proofing Machines at G.E. 


One of two Mahon Hydro-Filter Spray Booths in the Complete 
Mahon Finishing System at General Electric Co., Louisville, Ky. 
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pray Booth, where finish coat enamel is applied, 
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General view exterior housing of the Complete Mahon ae he ae ae 
Electric's Home Equipment my Bley ena eng var i 
all processing and painting operations. Finish Baking Ovens Siestheh Siscantive baleen 


More and More HOME APPLIANCES Receive Their FINE 
FINISH in Modern, COMPLETE MAHON FINISHING SYSTEMS! 


In the Home Laundry Equipment Department of General Electric Company, Louisville, 
Kentucky, a Complete Mahon Finishing System produces the fine finish demanded 
by one of the world’s largest home appliance manufacturers. The system includes 
an enclosure, which houses all metal processing and painting equipment, with 
Finish Baking Ovens, Heating Units, Filtered Air Supply and Exhaust Fans located 
above ... it is a complete, ultramodern finishing system combining and coordinating 
all major units of equipment and other essential facilities into an efficient, smooth- 
running, economical production operation. There are actually three finishing lines 
in this system: One is a flow coating line for black perts. Another flow coating 
line applies the first coat of enamel—both Flow Coaters are equipped with con- 
trolled atmospheric paint surface conditioning chambers in the drip zone. The 
third line is a combination manual and automatic electrostatic spray for the finish 
coat of enamel. If you are contemplating new finishing equipment, you, like thou- 
sands of other quality-minded manufacturers, will find that Mahon engineers are 
better qualified to advise you on both methods and equipment requirements . . . 
and better qualified to do the all-important planning, coordinating and engineer- 
ing of equipment—which is the key to fine finishes at minimum cost. You will find 
also, that Mahon equipment is built better for more economica! operation over 
a longer period of time. Mahon will furnish your complete system on one contract 
- « « undivided responsibility for the entire job safeguards you against compli- 
cations which may upset your production plans and subsequent schedules. See 
Sweet's Plant Engineering File for information, or write for Mahon Catalog A-655. 


THE R. Cc. MAH ON COMPANY 
HOME OFFICE and PLANT, Detroit 34, Mich. . WESTERN SALES DIVISION, Chicago 4, Ill, 
Engineers and Manufacturers of Complete Finishing Systems—including Metal Cleaning, 
— Equipment, Hydro-Filter Spray Booths, Dip and Flow Cooters, Filtered ae Systems 
ment 


eats, and Baking Ovens, Cooling Tunnels, Heat Treating ond Qu 
‘Aluminum and Magnesium, and other Units of Special Production E 








1. Blazing The Heat Treat 
Trail With Holcroft 


Here's a book which compares 
open-fired with controlled atmosphere 
furnaces. The eight different types of 
stock handling methods are analyzed 
and illustrated. 





3. Radiant Tube Heating 


Holcroft has produced a techni- 
cal treatise covering radiant tube 
heating for controlled atmosphere 
furnaces. It covers early history and 
the development of this type of fur- 
nace to every day use. 


2 e Holeroft And The Electric 
Furnace 


This booklet discusses heat treat- 
ing with electricity. Line drawings 
show how the four standard types of 
heating elements are used in the 
many different kinds of furnaces. 


ZG. Leaders In Industrial 
Furnace Engineering 


This book recaps current Holcroft 
ads. It discusses gas carburizing, car- 
bon restoration, malleable annealing 
and carbo-nitriding. 





Heat Treat 
A bibliography of '50-'53 AM articles 


How Chevrolet Deburrs Powerglide Parts—Apr 16, 
Si, pl38 

Honing Finishes on Automobile Com—Apr 30, ‘51, 
pll4 . 

Precision Tumbling Produces Fine Finish—July 6, 
53, pll3 

Deburring Aircraft Sheets—June 25, ‘51, p99 

How To Apply Metal to Glass and Ceramics—July 
7, ‘52, pl47 

Refining Methods Save 45%-——Mor 5, ‘51, pll0 

Electrodeposited Coating for Material—Jon 9, 
50, pl47 

Production Induction Unit Hardens Parts at Travel 
Rate 6-ips—Jan 9, ‘50, p154 

How To Work Clad Materials—Feb 6, ‘50, p89 

Which Power Source for Plating—June 12, ‘50. 


p90 

How To Cut Heot-Treat Costs—July 24, “50, p134 

Carbon Restoration Overcomes Soft Skin on Parts— 
Aug 21, ‘50, plll 

New Process Checks Hardness Electronically — 
Sept 18, ‘50, pl18 

Good Corburizing Practice—Oct 16, ‘50, p13) 
Part 1; Oct 30, ‘50, p90 Part 11; Nov 27, ‘50, 
pl04 Part 111; Dec 11, ‘50, pl38 Part IV; Dec 
25, 50, p89 Part V; Jan 8, ‘51, p 95 Part VI; 
Feb 5, ‘51, pl28 Port Vil; Feb 19, ‘51, pl38 
Part Vill; Mar 5 ‘51, p106 Part IX; Mar 19, 51, 
p138 Part X; Apr 2, ‘51, p92 Part XI; Apr 16, 
‘S51, pl40, Port Xii 

Piating-Room Layout Cuts Power Losses—Oct 16, 
‘50, p135 

Steam Sprays Paint—Dec 25, ‘50, p10 

Modernized Heat-Treat Unit improves Quality, 
Cuts Costs—Jan 8, ‘51, p96 

“Decarb” om Screw Products Yields to Controlled 
Atmosphere—Feb 19, ‘51, p142 

Is Furnace Brazing Just As Good?—Apr 2, ‘51, p98 

Induction Furnaces Reduce Die-Casting Rejects— 
July 9, “51, p136 

induction Heater Maintenance Manual—Aug 6, 
‘51, pli3 

Wet Blasting Permits Chrome on Aluminum—Aug 
20, ‘51, pl20 

induction Flame Hardening Simplified—Sept 17, 
‘S51, pl36 

Continuous Production Assured With Botch Fur- 
naces—Oct 1, ‘51, p137 

Heat Treatment Inside Out—Oct 1, ‘51, pl44 

How Metallurgical Control Solves Shop Problem— 
Oct 1, ‘S51, pl45 

How Flame and Induction Heating Work—Jan 
7, ‘52, pl22 

How To Electro-Polish Stainless Steel—May 12, 
‘52, pl40 

Flame Hardening Meehanite Castings—May 12, 
"52, plés 

(eramics Shield Stainless for Jets—July 21, ‘52, 
"p99 


How To Cool Oil-Quench Tanks—Aug 18, ‘52, p106 

How To Maintain Heat-Treating Equipment—Oct 
13, ‘52, pl35 

Brazing Alloy Is Clad To Strip—Mar 2, ‘53, p110 

How To Cure Protective-Atmosphere Troubles— 
June 8, ‘53, p153 
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TWO COMPARTMENT FOUR COMPARTMENT 
DEHYDRATION OVEN DEHYDRATION OVEN 


Peters-Dalton Designs And Manufactures Installations Of All 
Kinds For the Appliance, Electrical Equipment, Office Furniture 
and Transportation Equipment Manufacturing Industries 


Whatever your plans or needs may be for Finishing Systems, Drying 
and Baking Ovens, Industrial Washing Equipment or Dust Collecting 
Systems, PETERS-DALTON engineers are ready and able to offer the 
solution. Recognizing the importance of space conservation, Peters- 
Dit Ge 4 Hamann ‘Dalton engineering starts from plant layout to the ultimate installation 
CLEANING UNIT of the right type of equipment pertinent to each particular plant. . . 
not “off the shelf” equipment—BUT tailor-made for the job. 


Typical of Peters-Dalton planned engineering are the photographs 
shown here. They present some of the P-D installations in a multi-storied 
eastern manufacturing plant. Here, versatility was required—versatility 
such as P-D know-how and ability to install for proper functioning such 
varied components as: dehydration ovens, leak test tanks, power spray 
washers and baking ovens. Efficient and time-saving, these P-D units 
are in operation on various floors of this plant, to and including a space 
conserving roof top installation. 
eiceeees 9 oer ere Versatility such as this demonstrates P-D ability to take over your plant- 
DECK PRIME OVEN ON ROOF wide problems . . . accept the responsibility until production-ready— 
ng tbacamagg mor mpe 8 to engineer the layouts, designs and installations up to complete Finish- 
ing Systems. Call with confidence upon P-D to solve your problems 
. .. meet your needs. Just write, wire or phone. 


B® Hydro-Whirl Paint Spray Booths Industrial Washing Equipment 
D Drying and Baking Ovens §} Hydro-Whirl Dust Collecting Systems 


DOUBLE DECK ROOF OVEN 
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EF CHAIN BELT CONVEYOR FURNACES. Un- 
surpassed for uniform, low cost, seale-free hardening. 
1l sizes. Capacities 175 to 2000 lbs. hour. Built 
by The Electric Furnace Co., Salem, lo 


EF GAS CARBURIZING FURNACE. Handles several 
different heat treating processes and cycles—efficiently 
ond ——— Bullt by The Electric Furnace Co., 
alem 


EF CONTINUOUS STRIP LINES—for annealing, gai- 
vanizing, aluminizing, and producing other surface and 
metallurgical conditions on strip. Built by The Electric 
Furnace Co., Belem. Ohio 


Production _ 
HEAT TREATING 
FURNACES 


We build production « quipment 
for~ heat treating ceramics and 
metal products in 

any shape or form | 

We build the 

furnace to fit 

the job. e 


Ask for 
Bulletin 
461-AM 
iT SHOWS 18 


INSTALLATIONS 


Wwe ELECTRIC FURNACE CO, 


ea, © alem ~ Chio 





while it CUTS YOUR COSTS 








SPEEDYLECTRIC 


Steam-Jet Cleaner provides safe in-plant cleaning. Machin- 
ery, equipment, fluorescent lights, windows, wash rooms, 
conveyors, factory trucks — one man with the new, light- 
weight, portable SPEEDYLECTRIC does the cleaning 4 
better, easier and faster than 5 men with brushes an 

or shut down nearby 


ous fumes or flames. Find gah Now SPERDYLECTRIC ary 
steam” cleaning can cut costs in your plant — write for 
Bulletin 70-24. 


(Livingstone Engineering Company 
Monufacturers of F sriconci Steam Generator 
(uo Grove Street © Worcester 5, Mass,/ 























“IF THIS IS YOUR PROBLEM 


If you need effective, highly readable, 
smartly illustrated company literature 
(booklets, pamphlets, manuals) to dis- 
play your products, inform the public of 
your operations, attract key personnel to 
your plant, train employees, and perform 


any of the other communicative functions 
that are vital to your business .. . 


THIS IS YOUR ANSWER 


The McGraw-Hill TECHNICAL WRITING 
SERVICE has a staff of more than 150 
highly-trained writers, editors, and illus- 
tration specialists whose job it is to create 
technical and general literature for in- 
dustry. We write, illustrate, design, and 
print Equipment Manuals, Product Bul- 
letins, Handbooks, Company Histories, 
Annual Reports, and other specialized 
material. Save money and time. Let our 
staff be your staff for Technical and 
Business publications. 

This service is available through ad agencies. 
Write ¢ Phone 
TECHNICAL WRITING SERVICE 

McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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YOU GET MORE 
WITH ALL-PURPOSE 
“TRIGLENE” 


(TRICHLORETHYLENE) 


New Du Pont solvent is unsurpassed in any vapor degreasing job! 


EXTRA DURABILITY. With the greatest all-around ruggedness ever built into a trichlor- 
ethylene, new ‘“Triclene”’ D has unsurpassed resistance to all major causes of sol- 
vent breakdown—heat, light, air, metal chlorides, and acidic materials—yet con- 
tains nothing to harm the most delicate metal surfaces. 


EXTRA OPERATING ECONOMY. Because new ‘‘Triclene” D is free from salt-forming 
inhibitors and staining materials, you get safe, thorough cleaning with fewer 
costly rejects—fewer interruptions for cleanouts. Made with locked-in stabilizers, 
new ““Triclene’”’ D retains its original ruggedness even after repeated use and 
distillation. 

EXTRA CONVENIENCE. New ‘‘Triclene” D is an all-purpose solvent, built to give you 
dependable performance in any vapor degreasing job. This means you can buy 
just one brand of solvent for any type degreaser—for any class work. 


Try new “Triclene’”’ D and see why Du Pont representative will be glad 
we consider it the greatest improve- to give you further details on new 
ment evermadeinanytrichlorethyl- ‘Triclene’ D. Call him today or 
ene for vapor degreasing. Your fill out and mail coupon below. 


*REG. TRADE-MARK. 


| PR my New All-Purp ose E. I. du Pont de Nemours & Co. (Inc.) AMP-55 


Electrochemicals Department, Wilmington 98, Del. 


“"T i | L bk N E’’ o (J Please send me your descriptive folder on new, 
all-purpose “TRICLENE”’ D. 


Trichlorethylene () Please have your representative call with the details. 


Name Position 





Firm 
Address 








REG. uy. 5. paT.OFF 


GETTER THINGS FOR BETTER LIVING. . THROUGH CHEMISTRY % 














Lee es ere e ane esemanal 
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Ita the Finish | ___ Practical Hdeas 
that Counts 


COMPOUNDS 
AND CHIPS ARE MADE TO GIVE YOU 
THE PROPER FINISH ECONOMICALLY 


Connect Ends of Roller Chain 


There are other brands of materials that resemble Roto- By Lacing With Drawstring 

Finish chips and compounds . . . but only Roto-Finish Sometimes, because of weight or an un- 

chips and compounds give you the extra advantage avoidable improper center distance, it is 

of continuous research by the company who originated very difficult to bring together the ends 

the Roto-Finish processes. Roto-Finish chips and com- of a roller chain prior to connecting 

pounds are carefully manufactured so yo# obtain the them. The work can be simplified by 

bom sesults we peey gpeciie J os To obtain the best lacing a length of chalk line or wire thus: 

results at the lowest cost . . . insist on ROTO-FINISH : 

chips and compounds. Start next to the link to be connected 
and pass the string through the spaces 
between successive rollers, as shown, 
working outward to form a series of 
ever-larger loops. Keep the string taut. 
In effect, this arrangement is equivalent 
to a block and tackle. With enough 
loops, a tremendous pull is exerted on 
the chain. James J Mc Dowell, Atlanta, 


SAVES MAN HOURS AND MONEY by op 


eliminating hand finishing. 
GIVES ABSOLUTE UNIFORMITY...in any quantity. 
MAINTAINS PRECISION TOLERANCES. 
CUTS FINISHING costs as much as 80%. 
LOWERS INITIAL and MAINTENANCE costs. 


~ Chuck Jaw Regrinding 


al Prior to regrinding jaws for self-centering 
chucks (universal) with a _ toolpost 
grinder, three rectangular pieces of sheet- 

metal are cut to equal lengths, bent as 


Fo ats “ated, (n> | shown, and set between the chuck jaws 
go (4) COMPANY to brace them apart. The bend in each 


brace allows the jaws to tighten uni- 
formly and provides clearance for the 
grinding wheel. 

Jaws should be ground to approxi- 
mately the diameter they are expected 
to hold after grinding. With this setup, 
rf play, backlash, and inaccuracies resulting 
eee ta fe Aa = vt + from uneven scroll wear are eliminated. 

— $éciol se “ens. nish, 70 Even badly worn chucks will center accu- 

sappsge et : rately. George R Cook, Independence, 
Mo 


associated with The Sturgis Products Co. Wy, P. O. Box 988 — 
3723 MILHAM ROAD, KALAMAZOO, MICH. Phone 3-5578 
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Only The Commercial Heat Treater Theres Ment Tresting Spoclitie 
Can Give You Complete Service... fone rete 


66 rT Elizabeth, New Jersey 


Anderson Steel Treating Co 


Detroit, Michigan : 
e Benedict-Miller, Inc. 
Lyndhurst, New Jersey 
Vids CTL 4 Bennett Heat Treating Co., Inc. 
Newark, New Jersey 


Commercial Metal Treating, Inc. 
Bridgeport, Conn. 


Commercial Steel Treating Corp. 
Detroit 4, Michigan 


To Meet Your Specifications Cogk Heat Treating Co. of Texas 


The Dayton | Forging & Heat Treating Co. 
Dayton 3, 


Dexter Steeal "Sadak Company 
Oakland 21, California 


The Drever Company 
Philadelphia 33, Pennsylvania 


Greenman Steel Treating Company 
Worcester 5, Massachusetts 


Fred Heinzelman & Sons 
New York 12, New York 


Alfred Heller Heat Treating Co. 
York 7, New York 


aleieeed Heat Treating Co. 
Les Angeles 38, California 
L-R Heat Treating Company 
Newark, New Jersey 
The Lakeside Steel Improvement Co. 
Cleveland 14, Ohiec 
Metallurgical Inc. 
Minneapolis 7, Minnesota 


Metallurgical Inc. 
Kansas City 8, Missouri 


Metlab Company 
Philadelphia 18, Pennsylvania 


Metro Heat Treating Corp. 
New York 13, New York & Ridgefield, N. J. 


O. T. Muehlemeyer Heat Treating Co. 
Rockford, Illinois 


New England Metallurgical Corp. 
th Boston 27, Massachusetts 























Paulo Products Company 
Saint Leuis 10, Missouri 


A Member of MTI Is a Leader in the Field Pittsburgh Commercial Heat Treating Co. 
. e Y . ° eye tts’ ‘ennsylvania 
Known for Quality—Service—Technical Ability The Queen City Steel Trianon Co. 
Cincinnati 25, 


: | ane Company 

The reasons for the growth and national acceptance of the com- ibis: P: acienall Caciden 

mercial heat treating industry are numerous, but fundamentally are Hartford 5, Connecticut 

based upon one important factor namely “Completeness of Service” CU. Seots a oa, Inc. (Stainless Steels) 
from A to Z —all under one roof. . Syracuse Heat Treat Corporation 

Of equal importance is the fact that this very versatility auto- Paso ease tay raat “ae et 
matically with time creates an equally wide variety of skills — skills North Arlington, New Jersey 
in handling and processing all types of heat treating from simple Winton Heat Treating Company 
stress relief to delicate controlled atmosphere hardening, nitriding, 
etc. 

In the true sense of the word your commercial heat treater is a 
“Specialist” with his entire organization established and built around 
“Service.” 

The members of the Metal Treating Institute are the recognized 
leaders of the field and comply with the high quality standards estab- 


lished by such a group. 


If you are faced with heat treating problems or the need for heat 


treating services consult your Commercial Heat Treater. 
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“7.125 men and women 


signed up to join those 


already saving for their 


financial security...” 


GEORGE H. COPPERS 


President, 
National Biscuit Company 


“There is no greater honor than partnership in an enterprise as important 
to a nation as the Payroll Savings Plan for United States Savings Bonds. 
We view our recent person-to-person canvass of employees in behalf of Bonds 
as practical patriotism. It supports our Government’s efforts to stabilize the 
value of the dollar. The campaign also benefited our employees. 7,125 men 
and women signed up to join those already saving for their financial security 


in this easy, automatic way.” 


The Payroll Savings Plan is the backbone of Series E 
Bond Sales. 8,500,000 employees in more than 45,000 
companies invest more than $160,000,000 in Savings 
Bonds every month. 


The person-to-person canvass is the keystone of The 
Payroll Savings Plan. In company after company person- 
to-person canvasses conducted by employees have in- 
creased participation to 60%, 70% —even 90% plus. 


Why don’t you conduct a person-to-person canvass 
in your company? Here are two, simple steps: 


e Tell the Savings Bond Division, U.S. Treasury 
Department, Washington, D.C., you want to con- 
duct a person-to-person canvass, they will show 


you how easy it is to install the plan. 


e Over your signature tell your men and women 
you are 100% behind the Payroll Savings Plan 
because it enables them to build personal security 
... it is a check on inflation and helps to stabilize 
the dollar . . . it has set up a reservoir of reserve 
purchasing power—over $37.5 billion—the cash 
value of Savings Bonds held by individuals at the 
end of July, 1954. The greatest reserve of purchas- 
ing power this or any other country has ever had. 


Your phone call, telegram or letter to Savings Bond 
Division, U.S. Treasury Department, Washington 25, 
D.C., will bring prompt co-operation from your State 
Savings Bond Director. Act today. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 


American Machinist 
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‘CERTAIN CURTAIN’ 


World’s Leading Controlied-Atmosphere Furnaces & Generators 


ae ws 


fothermic Ammonia Dissociator "Humpback" Conveyor Furnace-Bright Stainless Heat Treating 
vosphere Generator 


Hayes offers you the finest obtain- EQUIPMENT AVAILABLE FOR: 
able equipment for heat treating to- PE ELAR 

day's complex metals. Our experience Brazing & Soldering 

represents the broadest knowledge mak ia 


available for heat treatment with Sevens 

controlled atmosphere. The Hayes ae Tees & Sealing 

plant includes a complete and sepa- Sintering 

rate laboratory where methods for Stainless Steel Bright Heat Treatment 
customer's samples can be processed, 


enabling you to— 


“Purchase on a 3 
PRE-INSURED Basis!’’ ACES 


Request Latest Catalog : ge. Ee 0, ® 





C.1. HAYES INC, ““*5" 








Important information on 
the processing and 
properties of the various 
materials employed in 
Metalworking is presented 
in this section. Purchased 
components for many 





@ MATERIALS 


Steels 

Stainless steels 
lron 

Nickel 

Copper alloys 
Aluminum 
Magnesium 
Titanium 

Other metals 
Nonmetallic materials 
Carbides 

Plastics 
Materials—general 


COMPONENTS 


Feeders and loaders 
Pneumatic equipment 
Power wrenches 
Cuting fluid equipment 
Components—general 





Materials and componen 


MATERIALS 


Steels 


Three types of steel commonly em- 
ployed for drawing are: Drawing qual- 
ity for shallow draws; deep-drawing 
quality for automobile and general 
deep drawing; extra-deep drawing qual- 
ity for very deep drawing or difficult 
operations where maximum ductility is 
needed. They differ in amount of car- 
bon and other alloying elements, sur- 
face finish, and care used in nranu- 
facture. All are open-hearth products 
and contain less than 0.10% carbon. 
AM—Aug 3 ’53, p112 


Torsion-bar springs for tanks are made 
of TS-8660 Magnaflux quality, high- 
chrome, hot-rolled steel for high-qual- 
ity structure and fine finish. AM—Aug 
3 °53, pll4 


Special steel permits cold drawing in 
ratio of seven or eight to one. Material 
is a medium commercial grade, some- 
what better than automobile fender 
stock, but lower in carbon content. 
AM—July 5 °54, p127 


High-chrome and chrome-nickel steel 
can be hard faced by arc or torch meth- 
od. Even heating and slow cooling 
are important to avoid brittleness and 
loss of facing material’s corrosion re- 
sistance. AM—Aug 17 53, p116 


Manganese steels (11 to 14% Mn) 
should be hard faced by electric arc. 
Deposit shouid be peened to relieve 
cooling stresses. AM—Aug 17 ’53, 
pl16 


Low-alloy steels are in about the same 
class as carbon steels. They can be 
hard faced by electric arc or acetylene 
torch but, depending on composition, 
may require heat treatment defore and 
after facing to prevent cracking. AM 
—Aug 17 ’53, pl16 


High-carbon steels (over 0.5% carbon) 
can be hard faced by arc or torch, 
but some jobs may need heat treat- 
ment before and after facing to pre- 
vent cracking. AM—aAug 17 °53, p116 


Low- and medium-carbon steels (less 
than 0.5% carbon) can be hard faced 
by electric arc or by oxyacetylene 
torch. AM—Aug 17 ’°53, p116 


Cupping or drawing operations in steel 
should not be performed at speeds 
above 55 fpm, ironing above 20 fpm. 
AM—July 5 ’54, p 128 


In drawing steel and tinplate, do not 
reduce blank diameter more than 45% 
to avoid breakage. AM—Aug 31 ’S53, 
p96 


Properties and characteristics of low- 
alloy steels render them suitable for 
a wide variety of applications. The 
principal phases of steel are explained, 
together with the effects of alloying 
elements. AM—Aug 31 °53, p105 


Gage steels containing C 0.08-1.05, 
Mn 1.25-2.00, Si 0.25-0.50, P 0.02 
max, S 0.03 max will show minimum 
dimensional instability if properly heat 
treated. AM—Sept 14 °53, p121 


HSS can be milled successfully. with 
HSS cutters having high rake angles. 
Such cutters work better than carbide 
because the latter will not cut the 
chromium carbide in HSS. AM—Sept 
28 °53, p133 


Addition of sulfur to HSS tool steels 
and high-chromium, high-carbon die 
steels by Latrobe Steel Co has sub- 
stantially improved machinability and 
is said to improve tool life. AM—June 
7 °54, p175 


1955 Production Planbook 








Alloy steels such as GE-BSF4B, or 
chrome-moly A151-4142 with a hard- 
ness of 35Re can be machined with 
high rake milling cutters at 89 fpm 
and 6 ipm with no appreciable tool 
wear. AM—Sept 28 ’53, p133 


Hot-rolled FS1020 steel is flame cut 
or press formed for making hull of 
M8E2 cargo tractor. SAE 1010 or 
1020 is optional material. AM—Oct 
26 °*53, p113 


SAE 4340 steel has been heat treated 
to as high as 280,000 psi and found 
to have toughness characteristics that 
make it suitable for aircraft use. Im- 
pact and fatigue strengths are not re- 
duced by the high hardness. PE—Oct 
°53, p129 


SAE 4340 steel can now be heat 
treated to 300,000 psi tensile and still 
retain toughness necessary for aircraft 
applications. All possible machining 
should be performed before heat treat- 
ing. HSS tools wear so rapidly as to be 
impractical; grade 350 carbide gives 
best results with tool geometry essen- 
tially the same as for conventional 
steel machining. For details of heat 
treatment, see under Heat Treating. 
AM—July 5 °54, p135 


Manganese-titanium steel, developed 
by Lukens, serves as a substitute for 
manganese-vanadium steel for ship 
plates. U S Steel’s Cor-Ten has also 
proved excellent for the purpose, has 
a 50% higher yield strength than car- 
bon steel, and two to three times the 
corrosion resistance of copper steel. 
AM—Mid-Nov ’53, pF8 


Armor plate steel castings and weld- 
ments were almost impossible to mill 
because of hardness variations. Cutters 


had extremely short life and finish 
was poor. Problem was solved by 
grinding in special traveling-head 
grinders. Grinding wheel costs were 
$34, as against $84 for milling cutters, 
and labor cost was only 67% of that 
for milling. AM—Dec 7 °53, p129 


Tensile strength of 4340 steel can be 
increased to 260,000 to 280,000 psi 
instead of usual 180,000 to 200,000 
psi by new heat treatment introduced 
by Lockheed. Cycle involves normal- 
izing, austenitizing, drawing, and sta- 
bilizing. AM—Dec 7 °53, p177 


Steel strip pre-coated on both sides is 
employed for battery tops. One side is 
red, other side may be black or gold, 
so three colors can be made with re- 
duced inventory. Production has been 
increased from 40,000 a day with two 
men, to 85,000 a day with one man. 
Earlier method was to slit strip from 
lithographed sheet. AM—Jan 4 ’54, 
p104 


A weldable steel with 80,000 psi ten- 
sile strength that can withstand service 
stresses two to three times those of 
mild steel and has good physical prop- 
erties at 450 to 500 C, has been de- 
veloped by United Steel Companies, 
Ltd, Sheffield, England. It is known as 
Fortiweld. AM—Jan 18 54, p105 


Giant rotor blades for USAF’s pro- 
pulsion wind tunnel at Tullahoma, 
Tenn, are made from 12% chrome 
steel because of its damping qualities 
which reduce damaging vibrations. 
AM—July 19 ’54, p143 


Nickel steel 4-79 is being rolled to % 
thousandth of an inch thick by Armco 
Research. Material contains 4% moly, 
79% nickel and is not particularly ex- 
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MANAGEMENT, PERSONNEL 


MACHINING 


TOOLING 


PRESSWORKING, 
MOLDING, CASTING 


INSPECTION, TESTING, 
QUALITY CONTROL 


ASSEMBLY, WELDING, 
PORTABLE TOOLS 


HEAT-TREAT, CLEANING, 
FINISHING 


MATERIALS, COMPONENTS 


MATERIALS HANDLING, 
SERVICES 


PRIZE IDEAS, 
REBUILT EQUIPMENT 


A 





AM production nuggets . . 


pensive, but after rolling is completed 
it costs $2 million a ton. AM-—Feb 
15 °54, p177 


Hot-extruded 8630 and 4360 steel sec- 
tions are being made by Harvey Alu- 
minum, Torrence, Calif, for aircraft 
components. As compared with ma- 
chining from the solid, substantial 
economies are realized in both weight 
and cost, and many parts can be in- 
stalled without additional machining. 
Method looks promising for orders as 
small as 50 ft of a special shape in 
which the die cost might be between 
$200 and $500, but on which fabrica- 
tion by rolling would not be practica- 
ble. AW—Mar 29 °54, p36 


Stainless steels 


Stainless steel for drawing operations 
is usually 17-20 chromium, or 18-8 
chrome nickel. Special formulas must 
be used to calculate blank diameters 
in this material because of the pres- 
ence of chromium and nickel. AM— 
Aug 3 ’53, p112 


NON - MAGNETIC DIESEL ENGINE 
CRANKCASE was made of stainless steel 
weldment. Engine was for Navy ship built 
to escape magnetic detection. AM—Mid- 
Nov ‘53, pF8 


Stainless steel as thin as 0.005 in. can 
be butt-welded by making a series of 
closely spaced spot welds, using a 
reciprocating electrode in a semi-auto- 
matic setup. Flooding the weld with 
alcohol provides cooling and reduces 
electrode wear. AM—Aug 31 'S3, 
p102 


New stainless steel alloy V2B, made 
by Copper Alloy Fdy Co, Hillside, NJ, 
contains Cu, Mo, Si, and a small 
amount of Be. After machining, mate- 
rial can be precipitation hardened by 


H2 





. MATERIALS AND COMPONENTS 


low-temperature heat treatment with 
no distortion and only light tinting 
discoloration that is easily removed. It 
dees not overage at elevated tempera- 
tures and can be cast or wrought. PE 
—Aug °53, p5 


Alternate stainless steel, containing 
Mn, Cr, and less than 1% Ni, offers 
good cold-working properties, welda- 
bility, and ductility. According to Al- 
legheny Ludlum, it can be used where 
critical requirements include mechan- 
ical properties of welds, ductility, non- 
magnetic qualities, and cold-working 
to high strength. Cannot be used where 
extreme corrosive conditions exist. PE 
—Aug ’53, p5 


High-temperature stainless steel alloys 
to replace scarce metals in jet aircraft 
building, are being developed by Cor- 
nell Aeronautical Laboratories, Buf- 
falo, for the Navy. Chrome-nickel 
stainless is modified with titanium and 
boron additions. AM—May 24 ’S4, 
p97 


Stainiess steel, 300 series, can be ma- 
chined with high-angle milling cutters 
at higher rates than with conventional 
cutters. Tool life is from 10 to 20 times 
greater. High rake taps cut cleaner 
threads, show less chip loading. AM— 
Sept 28 °53, p133 


Milling machine frame for underwater 
machining of radioactive materials is 
fabricated from stainless-steel plate. 
Feedscrews are ground from precipi- 
tation-hardened stainless for good wear 
resistance. Workholding fixtures are 
cast from high-nickel iron. AM—April 
12 °54, p167 


Machine-tool dynamometers for check- 
ing the machinability of stainless steels 
and other new materials are an impor- 
tant research tool. Older models are 
now made obsolete by a type devel- 
oped at MIT employing strain gages 
bonded directly to the spring, eliminat- 
ing the need for separate pickup de- 
vices. Strains as small is 1 microinch/ 
inch can be detected with the usual 
instrumentation, but 1/10 of this 
amount can be detected with special 
equipment. AM—May 10 ’54, p127 


Stainless steel sheets can be stacked 
up to 3 in. high and spot welded to 
form a nugget from which parts can 
be machined. Operation is performed 


with work submerged in cooling liquid. 
Machine is Sciaky 3-phase welder. 
Pressure is 19,500 lb, time 15 sec. 
Long ingots can be obtained by seam, 
instead of spot welding. AM—May 
24 54, p163 


Stainless steel Type 410 is investment 
cast to form turbine and blower 
wheels, using polystyrene patterns. 
Most of the slow, expensive machin- 
ing Operations are eliminated, and 
costs are reduced by about two-thirds. 
AM—June 21 °54, p134 


lron 


Gray ard alloy cast iron can be hard 
faced by arc or torch. Thin edges must 
be watched for melting. AM—Aug 
17 °53, p116 


Gray iron castings can be machined 
more easily after appropriate anneal- 
ing process. Damping capacity, ther- 
mal conductivity, and related electrical 
properties are also increased, and in- 
ternal stresses are relieved. Some de- 
crease in hardness and strength may, 
however, be experienced. PE—May 
"54, p142 


Malleable iron can be hard faced, but 
welding heat hardens iron directly 
under the facing. This hardness may 
have to be removed by reheating the 
finished job to above 1500 F. AM— 
Aug 17 °53, p116 


High-phosphorous iron can be made to 
show excellent machinability by suit- 
able ladle additions. Southern foun- 
dries will now be in a position to sup- 
ply machinable castings. A 0.50% 
phosphorous iron can be produced to 
meet usual machining requirements 
and have good physicals. 4M—Aug 
31 °53, p92 


Sintered-iron cams for magnetos are 
low in cost and have about same ser- 
vice life as hardened steel cams. AM 
—Nov 23 ’53, p124 


Sintered iron and copper compact pro- 
vides a material for turbine wheels 
capable of operating at higher tem- 
peratures than aluminum and almost 
as machinable. Machining time for 
aluminum wheel is 3.3 hr; for com- 
pact 4.4 hr; but machining from 
wrought steel would take 40 hr. AM 
—June 21 °54, p138 
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Powder metal piston rings, valve 
guides, and seat inserts and tappets 
have been tested at Thompson Prod- 
ucts with good results. Parts are 
cheaper than cast iron; guides need 
no external lubrication, will end stuck 
valves. AM—Dec 7 ’53, p105 


Ductile iron gives excellent results as 
die material for fabrication of 20-mm 
cartridge cases. For heading operation, 
die life was 18 times greater than that 
of tool steel dies. Material is also em- 
ployed for header crankshafts, slides, 
bull gears, and connecting links of 
large presses. No failures occurred in 
two years. AM—Dec 7 ’53, p134 


Cast-iron motor housing for refriger- 
ator is bored to form a bearing for the 
shaft. No separate bearing is needed 
because the high-strength, close-grain 
iron provides a good bearing surface, 
although some machinability is sacri- 
ficed to gain this advantage. AM— 
May 10 °54, p158 


Nickel 


Nickel and its alloys have excellent 
drawing characteristics and may be 
drawn into deep shells. AM—Aug 3 
*53, pli3 


Monel can be hard faced by arc or 
torch and gives no trouble with ordi- 
nary care. AM—Aug 17 ’53, p116 


Cermet, made from nickel and magne- 
sium oxide sintered and ground to a 
powder, has been successfully fiame- 
sprayed on stainless steel, Inconel, and 
other high-temperature alloys as a cer- 
amic coating. It will withstand temper- 
atures as high as 3500 F for limited 
periods. Because of its high fusing 
temperature, it cannot be applied by 
ordinary furnace fusing methods. AW 
—April 26 54, p38 


Copper alloys 


Two kinds of brass commonly used for 
drawing are 65/35 and 70/30. The 
latter is preferred for deep drawing, 
redrawing, ironing, and to reduce num- 
ber of annealing operations. ‘Recent 
improvements in 65/35, however, 
make it competitive with 70/30, ex- 
cept where several redraws are needed 
and it is desired to reduce the anneals, 
or where ironing is required. AM— 
Aug 3 °53, p112 


Copper has excellent drawing charac- 
teristics, often better than brass or 
extra-deep-drawing steel. AM—Aug 
53, p113 


Copper and copper alloys have low 
melting point, but can sometimes be 
faced with similar material. Heavy sec- 
tions heated to red glow can be faced 
by electric arc. AM—Aug 17 °53, 


Brass and bronze can be faced with 
similar copper-base metals. Heavy sec- 
tions preheated to red glow can be 
faced by electric arc. AM—Aug 17 
*53, p116 


In drawing brass and copper, do not 
reduce blank diameter more than 45% 
to avoid breakage. AM—Aug 31 ’S3, 
p96 


Brass which is subjected to severe cold 
working, as in ironing, must be an- 
nealed to avoid brittleness. Heat to 
not over 1150 F long enough to ob- 
tain these grain sizes: After cupping 
and first redraw, 0.060 to 0.030 mm; 
after intermediate redraws, 0.055 to 
0.070 mm; for final redraw, 0.030 to 
0.045 mm. Time at heat may range 
from 10 to 30 min, depending on size 
and wall thickness of shell and type 


and capacity of furnace. AM—July 
5°54, p128 


Cupping or drawing operations in 
brass may be performed at speeds as 
high as 75 fpm. Redrawing or ironing 
operations may range from 35 to 70 
fpm, depending on the amount of 
elongation of the side walls. AM— 
July 5 °54, p128 


Copper is frequently difficult to hand- 
or machine-ream to close tolerance. 
End mills frequently do a better job, 
particularly if ground 0.003 in. over- 
size. AM—Aug 31 °53, p120 


Tapping operations in brass some- 
times give trouble with pickup and 
torn threads, regardless of tap grind, 
spindle speed, or cutting fluid. Kero- 
sene in mist form may solv> the prob- 
lem. AM—Sept 14 ’53, p151 


Phosphor-bronze can be machined 
successfully with high-angle milling 
cutters. Even on heavy cuts, finish is 
improved, tool life increased. AM— 
Sept 28 °53, p136 
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Tellurium copper combines excellent 
machinability of free-cutting brass 
with high electrical conductivity of 
pure copper. Material can be hot and 
cold worked, and soldered or brazed. 
Machining practice is similar to that 
used on brass, but carbide tools are 
recommended. AM—Oct 12 ’53, p199 


Phos-copper, rolled into strip 0.005 to 
0.010 in. thick, serves as a brazing 
medium. Despite the cost of rolling, 
joints are made with this material at a 
saving of 75% in material and 25% in 
time. Jgints are stronger and more 
ductile than those made with rod. AM 
—Mid-Nov °53, pE5 


Continuous-cast bronze shows sub- 
stantial economies. Longer-length cast- 
ings save material, and material stands 
up better than when sand-cast. Higher 
machinability gives longer tool life: 
AM—Mid-Nov °53, pF11 


Aluminum 


Drawability of aluminum depends on 
temper. Dead soft, or 0 temper, is 
preferred for deep draws, %4 and % 
hard for less severe work. Shallow 
draws can be made in full-hard. Heat- 
treatable alloys are generally drawn in 
0 or W temper, then heat treated 
after fabrication. W temper is used 
when possible to eliminate heating 
and possible subsequent distortion. 
AM—Aug 3 ’53, p113 


In drawing aluminum, do not reduce 
blank diameter more than 40% to 
avoid breakage. AM—-Aug 31 ’53, 
p96 


Aluminum can be formed into a 
variety of shapes by processes gener- 
ally known as Stretch Forming. The 
processes include stretch forming, 
stretch-wrap forming, contour form- 
ing, rotary forming, stretch-wipe form- 
ing, radial-draw forming, compression 
forming, and tangent bending. Method 
permits flexibility and minimum tool- 
ing cost. AM—July 19 ’54, p133 


Aluminum can be welded, brazed, or 
soklered to almost any other metal, 
including stainless steel, copper alloys, 
and the refractory metals. Some proc- 
esses are more suitable than others, 
and some special techniques must be 
employed. See under Welding, Braz- 
ing, and Soldering. WJ—Aug ’53, p730 
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Aluminum can be soldered without 
difficulty by employing an ultrasonic 
soldering iron and tin-zinc solder. Ul- 
trasonic tinning bath permits pre-tin- 
ning before assembly with standard 
soldering iron. AM—Ser* 1453, p126 


Recommended practices for spot weld- 
ing various combinations of aluminum 
alloys are given, together with welding 
schedules for the various types of 
equipment employed. AM—Jan 4 ’54, 
p123, 125, 127 


Aluminum can be projection welded if 
adequate care is taken. After thorough 
cleaning, operator must work fast to 
avoid contamination. Weld cycle is 
critical but, if correct, weld strength 
is excellent. 4M—June 21 °54, p120 


An aluminum-base alloy made from 
99.95% pure aluminum, with 0.43% 
Fe, 0.32% Mg, and 0.10% Si is pro- 
duced by General Electric, Schenec- 
tady. It is reported to have better 
creep resistance, twice the yield 
strength and an electrical conductivity 
of 58.5 to 60.0%, as compared to 61.5 
to 62.5% for the EC grade. It is desig- 
nated Cond-Al. PE—Aug ’53, pS 


Aluminum-tin alloy containing 30% 
Al may replace copper-lead as bearing 
metal. It has excellent anti-friction 
properties, is fairly cheap, can be 
bonded to steel or dural backing, and 
has been used successfully with un- 
hardened mild-steel shafts. 4M—Oct 
12 ’53, p201 


Aluminum alloy HZM 100, Harvey 
Aluminum Corp, has ultimate strength 
of 100,000 psi and will permit use of 
extrusions of smaller cross-section in 
aircraft construction. AM—Nov 23 
°53, p105 


New aluminum alloy developed by 
Harvey Aluminum Corp resists cor- 
rosion, welds easily, has guaranteed 
tensile and yield strength 31% above 
61S alloy—tensile 50,000, yield 45,- 
000, 8% elongation in thicknesses up 
to % in. AM—Feb 1 ’54, p81 


Aluminum and its alloys cannot be 
hard faced by applying material with 
a torch. AM—Aug 17 °53, p116 


Aluminum 61S and 52S can be ma- 
chined with high-angle milling cutters 
at higher rates than with conventional 
cutters. Even at 90 ipm feed, cutting 
dry, cutter remains cold. High-rake 
taps cut cleaner threads, even in type 
365 sand-cast aluminum. AM—Sept 
28 ’53, p133 


Aluminum 75ST no longer causes the 
machining difficulties it once did. 
Warpage is major problem but can be 
minimized by machining before aging, 
by high-speed machining, or by 
stretcher leveling the stock before 
machining. AM—July 5 °54, p132 


Anodized aluminum makes an excel- 
lent bearing surface, eliminates fret- 
ting, and increases bearing life. Proc- 


HIGH-STRENGTH, heat-treatable aluminum alloy plate with low residual stresses is highly 
desirable for applications involving considerable machining. New 2500-ton stretcher installed 
at Kaiser Aluminum's Trentwood Works now makes possible large plates of this material. 
Metal is normally stretched immediately after the quench following solution heat treatment. 
Maximum flatness is achieved after 0.5% stretch, but stretches up to 2% permanent set are 


needed for effective stress relief. 
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AM—Mar 15 ‘54, p2, 128 


ess is performed by Electrical Eng’rg & 
Mfg Co, Los Angeles. AM—Oct 12 
*53, p105 


Aluminum is available in many differ- 
ent alloys, indicated by a series of 
numbers. A series of letter suffixes in- 
dicates the temper, and an additional 
number shows the specific temper 
number. A letter prefix indicates a 
modification of an existing alloy. AM 
—Dec 21 °53, p114 


Non-heat-treatable wrought aluminum 
alloys are widely used, but cannot be 
hardened by heat treatment. Cold 
working, however, will effect substan- 
tial strength increases, as shown in 
charts. AM—Dec 21 53, p116 


Heat-treatable wrought aluminum al- 
loys are capable of being changed in 
their physical properties over a wide 
range, by heat treatment, quenching, 
precipitation hardening, and freezing. 
Times and temperatures involved, and 
corresponding temper designations, are 
given in a table. AM—Dec 21 ’53, 
pl17 


Aluminum castings are rarely made 
from the pure metal because it has 
poor strength, poor casting properties, 
and cannot be heat treated. Best cast- 
ings are made of alloys containing 
silicon, zinc, magnesium, copper, 
manganese, and other metals. Compo- 
sitions of various alloys are given in a 
table. AM—Dec 7 °53, p120 


Al-Cu-Si alloys have better casting 
properties than Al-Cu alloys. Corro- 
sion resistance is also better, but not 
so good as with Al-Si alloys. Machin- 
ability, hardness, and strength, how- 
ever, are better than Al-Si alloys. AM 
—Dec 7 ’53, p123 


Al-Cu alloys have good casting and 
machining properties and can be heat 
treated to improve ductility and 
strength. A 10% Cu alloy has good 
high-temperature strength and good 
wear resistance and hardness. AM— 
Dec 7 53, p123 


AI-Si casting alloys have excellent cast- 
ing properties and are suitable for 
making leak-free and intricate castings. 
They are corrosion resistant, but not 
readily machinable. They are, more- 
over, highly abrasive to cutting tools. 
AM—Dec 7 ’53, p124 
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AkMg alloys have poor casting and 
welding properties, but high corrosion 
and tarnish resistance, plus very good 
mechanical properties. Heat-treated 
10% Mg alloy has the highest me- 
chanical properties of all aluminum 
alloys. AM—Dec 7 °53, p124 


Al-Si-Mg casting alloys have good 
castability, including pressure tight- 
ness, corrosion resistance, strength, 
and ability to be heat treated. AM— 
Dec 7 °53, p124 


Al-Si-Ni-Mg alloys have excellent sta- 
bility, wear resistance, low thermal 
expansion, and good high-temperature 
strength. This material is widely em- 
ployed for automobile pistons. AM— 
Dec 7 °53, p124 


Al-Cu-Ni-Mg alloys are about as cast- 
able as Al-Mg alloys but combine 
strength at high temperature, wear re- 
sistance, and heat-treatability. Material 
is used for cast air-cooled cylinder 
heads for aircraft engines. AM—Dec 
7 °53, p124 


Al-Zn alloys are not too readily cast- 
able, lose ductility when heat treated. 
At elevated temperatures, they lose 
much of their strength; should not be 
used at temperatures over 200 F. 
They can be aged at room temperature 
or in boiling water, and aging con- 
tinues for almost a year. AM—Dec 
7 °53, p124 


How to bend aluminum tube and bar. 
See under Pressworking. AM—May 
24 °54, p137 


To avoid scratches on aluminum air- 
craft skin, manufacturers are specify- 
ing papered stock (a sheet of paper 
placed between each sheet) and con- 
tinue papering through preliminary 
fabrication. At subassembly, parts are 
protected with strippable plastic, and 
in later stages employees are specially 
trained to avoid scratching. AM—July 
5 °54, p143 


Magnesium has limited drawability at 
room temperatures. For severe reduc- 
tions heat AM-3S to 650 F; AM-C52S 
and AM-C57S to 600 F. For moderate 
forming, the temperature may be as 
low as 350 F. AM—Aug 3 ’53, p1i3 


Largest magnesium casting ever poured 
has been made by Rolle Mfg Co, 
Lansdale, Pa. It weighs 1630 lb and 
measures 114 x 93 x 33 in. Quality 
control checks in manufacture in- 
cluded moisture, permeability and 
core strength of the sand, as weil as 
physical property checks on the mate- 
rial. Dimensional checks were fol- 
lowed by Zyglo and X-ray inspection. 
AW—Feb 22 °54, p45 


Addition of 2 to 3% of thorium to 
magnesium casting alloys imparts out- 
standing mechanical properties at 
ambient and elevated temperatures. 
Dominion Magnesium Ltd, Haley, 
Ontario, recommends an alloy of 3% 
thorium, 2.3% zinc, and 0.7% zir- 
conium for best creep resistance. Good 
ductility indicates that castings can be 
formed by hot or cold working, and 
repairs can be made by welding. PE— 
Feb °54, p5 


Magnesium sheet is now produced up 
to 72 in. wide with greater uniformity 
and better surface finish in new Dow 
rolling mill that takes ingots weighing 
1 ton. Material will now be available 
also in coils. AM—June 7 °54, p176 


Titanium 


Titanium can be machined more suc- 
cessfully if machines and fixtures are 
specially selected for maximum rigid- 
ity. Cutting fluids are important, too; 
select them for cooling properties, 
rather than lubrication. AM—Sept 14 
°53, p129 


Titanium can be milled successfully at 
210 sfpm with high-helix angle cut- 
ters, either HSS or carbide. Skiving 
action shears material cleanly. AM— 
Sept 28 °53, p136 


Titanium is now being rolled in com- 
mercial-size plates weighing up to 
1000 Ib. Used for engine nacelles on 
Douglas DC-7 airliners, it saves 200 
Ib of payload. AM—Mid-Nov ’S3, 
pF10 


Titanium investment castings for air- 
craft arts can now be made in a thin 
ceramic shell developed by Battelle 
Memorial Institute. AM—Jan 4 °54, 
p73 


Titanium 150-A of Rc 30 is being 
ground internally on a_ production 
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basis at Bryant Chucking Grinder Co, 
using a variety of wheels, coolants, and 
wheel speeds. A finish of 6 mu in. with 
0.005-in. stock removal is being pro- 
duced in a %-in.-deep hole in 45 sec. 
AM—Mar 16 °53, p201, AM—Jan 18 
54, pl05 


Titanium Ti 150A can be ground with 
maximum economy at a wheel speed 
of 3850 sfpm, work speed of 75 sfpm, 
using a Cincinnati No. 1182 wheel 
and Cimcool Titan coolant, according 
to cylindrical grinding tests made by 
Cincinnati Milling. Surface finish ob- 
tained was 20 to 30 mu in. rms, but 
this can be improved to 10 to 15 mu 
in. by periodic wheel dressing. AM— 
June 21 °54, p124 


Grinding of titanium RC-130B is best 
performed with a wheel speed of 5000 
sfpm, work speed of 75 sfpm, traverse 
rate of 40 to 50 ipm, according to tests 
made by Cincinnati Milling. AM— 
June 21 °54, p124 


Internal grinding of titanium Ti 150A 
can best be performed with a Cincin- 
nati wheel No. 1140 running at 4000 
sfpm with a work speed of 75 sfpm, 
using Cimcool Titan coolant, accord- 
ing to tests made by Cincinnati Mill- 
ing. AM—June 21 °54, p125 


Tool failure when machining titanium 
generally results from excessive crater- 
ing on top of the carbide tool. This can 
be reduced by selection of correct 
grade of carbide. When work hardness 
is above 37 Ro, tool life may be ex- 
pected to drop sharply; when carbon 
content is above 0.2%, tool life is re- 
duced by formation of titanium car- 
bides. Best coolant is synthetic emul- 
sion-type flooded over tool from top, 
side, and bottom. AM—Feb 16 ’54, 
p147 


Tests on broaching titanium at Univ 
of Mich indicate that tools should 
have rake and relief angles of 5°. Rise 
per tooth of 0.002 to 0.005 in. is good, 
except on Ti-150B, when 0.002 is bet- 
ter than 0.005 in. Finishes are as good 
as on steel, particularly good on RC- 
130B. AM—Feb 16 ’54, p177 


Titanium sheet up to 48 in. wide, 144 
in. long, and as thin as 0.10 in. is being 
produced at Mallory-Sharon Titanium 
Corp, Youngstown, Ohio. AM—Mar 
1°54, p81 
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Titanium alloy with 192,000 psi ten- 
sile strength, and weighing 40% less 
than high-strength steel has been de- 
veloped at Watertown Arsenal. AM— 
May 24 °54, p97 


Titanium powder for powder metal- 
lurgy is now available in limited quan- 
tities from Metals Disintegrating Co. 
Made from 99.5% pure duPont 
sponge, it is produced in 100-, 200-, 
and 325-mesh powder. It is shipped 
moistened with water to keep it inert, 
as it reacts with all common air gases 
when dry. Sintering must be done at 
900 to 1100 C for 1 hr or more, at 
30 to 50 tons per sq in. in an inert 
atmosphere or under vacuum. Machin- 
ing is difficult and should be limited, 
because scrap is worthless. AM—April 
12 *54, p335 


Welds in titanium, made in a pure 
helium atmosphere, have tension and 
bend properties comparable to those of 
the parent metal, but there should be 
less than 1% of oxygen or nitrogen 
present in the helium, and relative 
humidity should be less than 5%. Hy- 
drogen, even as high as 10% by vol- 
ume, has little effect on the physical 
properties of the welds. WJ—-Mar ’54, 
pi2i-s 


Titanium can be fusion welded suc- 
cessfully with standard inert-gas- 
shielded arc-welding equipment, but 
weld should be shielded until it cools 
to 400 F. Helium is preferred for 
mechanically made welds because less 
amperage is needed and a narrower 
weld with full penetration is more 
easily obtained. Argon is preferred 
for manual welds because it is a cooler 
gas and easier to use. Number of 
welds coming together at any one 
point should be kept to a minimum. 
No benefit is realized from stress re- 
lief of the welded joint. WJ—Mar ’54, 
pl53-s 


Titanium sheets can be stacked up to 
6 in. thick, spot welded to form a nug- 
get from which parts can be machined. 
Operation is performed with work 
submerged in cooling liquid. Sheets are 
cleaned in 2% hydrofluoric, 10% 
nitric acid solution, welded in Sciaky 
3-phase welder. Pressure is 19,500 Ib, 
weld time 15 sec. Long ingots can be 
obtained by seam welding instead of 
spot welding. AM—May 24 °54, p163 
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Machinability of titanium and other 
materials can best be checked by ma- 
chine tool dynamometers. Older mod- 
els of these devices are made obsolete 
by a type developed at MIT, employ- 
ing electric strain gages bonded direct- 
ly to the spring member, eliminating 
the need for separate pickup devices. 
Strains as small as 1 microinch/inch 
can be detected with the usual instru- 
mentation, but 1/10 of this amount 
can be detected with special equip- 
ment. AM—May 10 ’54, p127 


To avoid absorbtion of oxygen during 
machining operations on titanium, at- 
tempts have been made to blanket the 
material with inert gas. Results were 
negative with argon, hydrogen, nitro- 
gen, and Freon-12. In fact, Freon-12 
supported combustion of the titanium. 
AM—May 24 °54, p155 


Machining operations on titanium pre- 
chilled to —90 F do not show any 
practical gain in tool life on carbide 
tools, and only 20% gain on HSS 
tools, according to tests made for U.S. 
Air Force. AM—May 24 ’54, p155 


In machining titanium with Stellite 
tools, a zero rake affords better tool 
life than a 10° rake. Tool life is also 
improved by jet plus curtain cooling. 
AM—May 24 ’54, p157 


In machining titanium with sharp, 
single-point tools, cutting forces are 
one-third to one-half those needed to 
cut mild and stainless steel. Chip 
thickness is about equal to feed rate. 
Best coolant is sodium nitride in water. 
For drilling, short, sharp drills are best 
—with wear-resistant surface treat- 
ment. Tapping is difficult because of 
work hardening. High return torque 
results in tap breakage. AM—June 7 
54, p172 


Titanium can be drilled successfully, 
with excellent drill life, by employing 
a short drill with a special grind, black 
oxide finish, and no body clearance. 
Included angle should be at least 150°, 
rake angle zero, and the web cleared 
to the exact center with no chisel 
point. Slow speed is essential and 
should be 485 to 500 rpm for No. 40 
to 5/16-in. drills. Sheet can be drilled 
dry; for barstock, Dypral tapping 
compound or liquid wax may be used. 
AM—June 21 °54, p143 


Titanium has definite machining pecu- 
liarities. Surface finish is better, cut- 
ting forces and power consumption 
are lower, but tool life is shorter than 
with steel. Chips are thinner and more 
irregular, and there are definite shear 
planes. AM—July 5 ’54, p118 


Titanium extrusions are being made 
successfully at Harvey Machine Co, 
Torrence, Calif, from 5-in.-dia billets. 
Shapes too complex to roll can thus 
be fabricated, and the moderate die 
cost makes relatively small lots of 
special shapes practicable. There is 
little apparent effect on microstructure 
by extruding. AM—April 12 °54, p267 


New titanium alioy “3Mn Complex” 
has excellent forging characteristics, 
and its response to heat treatment is 
better than that of any commercial 
alloy introduced thus far. Material was 
developed at Battelle Memorial Insti- 
tute for US Air Force. In machining, 
it handles much like the common 
stainless steels. For milling and saw- 
ing, best results are obtained with 
slow speeds, heavy feeds, and carbon 
tetrachloride. PE—July °54, p172 


New forging process for titanium, 
known as No Scale process, has been 
developed by Steel Improvement & 
Forge Co. Process is said to prevent 
development of hard skin caused by 
oxygen and nitrogen uniting with sur- 
face metal, and to reduce machine 
costs and improve ductility of forg- 
ings. AM—July 15 ’54, p101 


Research by US Navy indicates that 
the fatigue strength of titanium after 
8 million cycles is 7.4% less than that 
of stainless steel, but 47% greater 
than aluminum. On a strength-weight 
basis, fatigue strength of steel and alu- 
minum are only 57 and 98%, respec- 
tively, as great as titanium. On spot- 
welded specimens, strength of titanium 
is 23% less than stainless, but 90% 
greater than aluminum. On a strength- 
weight basis, fatigue strengths of stain- 
less and aluminum are only 69 and 
76%, respectively, as great as titani- 
um. PE—July °54, p193 


Other metals 


Chromium boride is excellent hard- 
facing material, has high resistance to 
abrasion, corrosion, and impact; also 
has hot-hardness qualities. AM—Aug 
17 °53, p125 


1955 Production Planbook 





Addition of chromium to steel causes 
a decrease in the tendency to rust 
under atmospheric conditions. AM— 
Aug 31 °53, p106 


Chromium and nickel in combination 
can, when added to steel, decrease cer- 
tain special attacks by chemical solu- 
tions. AM—Aug 31 °53, p107 


Zinc has limited drawability, and 
blanks may have to be warmed for 
deep work. AM—Aug 3 ’53, p113 


In drawing zinc, do not reduce blank 
diameter more than 35% to reduce 
breakage. AM—Aug 31 ’53, p96 


Molybdenum disilicide is new heat- 
resistant material. It will be used for 
furnace heating elements produced by 
powder metallurgy at American Elec- 
tro Metals Corp, Yonkers, N. Y. Ma- 
terial will withstand 1700 C in air. 
AM—Aug 31 °53, p73 


Addition of tungsten and molybdenum 
to steel causes a decrease in attack at 
elevated temperatures. AM—Aug 31 
*53, pl106 


New alloy of 90% tungsten, 7.5% 
nickel, 2.5% copper alloy is being ex- 
ported by General Electric Co of 
England (no relation to US General 
Electric) for use in radiation shielding. 
It can be machined without great diffi- 
culty and will soon be offered in sheet 
form of limited sizes. Material is 
known as GEC Heavy Alloy. 4AM— 
July 19 °54, pi0l 


Zirconium is capable of being welded 
by inert-gas-shielded process, but must 
be done by melting down a flange, as 
no electrodes have yet been developed. 
Joints must be well protected by inert 
gas on both sides, or weld will be 
brittle and corrosion resistance will be 
impaired. Shrinkage is about three 
times that of mild steel, so provision 
must be made for this. WJ—Feb ’54, 
plis 


Pure beryllium may become an engi- 
neering material if its ductility can be 
improved. It is easy to machine, has 
the highest strength/weight ratio of 
any stable metal, and corrosion resist- 
ance is high in some applications. 
Joining problem, however, remains. 
Fusion welding is out, other welds are 
slow and expensive, so chances are the 


material will be limited to specialized 
applications. AM—Mar 15 ’54, p182 


Beryllium has the highest strength-to- 
weight ratio of any stable metal. It is 
stiffer than steel, weighs as much as 
magnesium, but has a modulus of 
43,000,000. It is more heat-resistant 
than aluminum or magnesium, and 
has a higher melting point than mag- 
nesium, but it is difficult to form into 
billets. In cast form it is prone to 
coarse grain structure and low ductility 
and tends to crack. It has a strong 
tendency to gall or weld to steel tools. 
AM—April 12 °54, p203 


New method of producing pure beryl- 
lium metal directly from the ore in- 
volves heating in high-current-density 
arc at 10,000 C in chlorine atmos- 
phere. Metallic chlorides are then con- 
densed separately to obtain pure met- 
als. Process appears suitable for 
titanium, tungsten, vanadium, and 
molybdenum. Equipment cost is only 
one-third that needed for conventional 
methods, but cheap electric power is 
essential. AM—June 7 ’54, p174 


Thermenol, a new alloy of aluminum, 
iron, and vanadium (or molybdenum) 
has been developed by Naval Ord- 
nance Laboratory. It has high electri- 
cal resistance, reasonably high tensile, 
good ductility and heat resistance. It 
is only about a quarter as heavy as 
stainless steel and offers good possibili- 
ties for aircraft applications, especially 
for tail cones and exhaust systems. 
AM—Mar 15 °54, p182 


Columbium has properties similar to 
those of tantalum, is inert at normal 
temperatures, but its activity increases 
above 212 F. It is subject to hydrogen 
embrittlement and can be dissolved in 
hydrofluoric acid or hydrofluoric and 
nitric. Electrical resistance is eight 
times that of copper, tensile is the 
same or higher than tantalum, and 
coefficient of thermal expansion is 
slightly higher. It can be worked like 
steel, and resists splitting and tearing, 
but cannot be hot-worked. Cold-work- 
ing produces toughness and springi- 
ness, and it can be specially composed 
and cold-worked to produce these 
properties to a degree only equalled by 
special alloy steels. It must be annealed 
under high vacuum, and is available in 
sheet, rod, wire, and powder. AM— 
April 12 °54, p192 
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Tantalum is immune to corrosion and 
attack by most acids and alkalis, and 
has unusually good heat conductivity. 
It is not heat-resistant, so cannot be 
worked hot. Welding must be done 
submerged in water or carbon tetra- 
chloride, or under an inert-gas blanket. 
Annealing must be done under vac- 
uum, but it can be hardened in oxygen. 
Tensile strength is similar to that of 
steel, but is higher after cold working. 
It can be drawn, stamped, and spun, 
work hardens slowly, does not age 
harden, and has no springback. It is 
available in plate, sheet, foil, bar, 
wire, and metal powder. A4M—April 
12 *54, p190 


Iodide and sponge zirconium and zir- 
conium alloys under 200 Bhn are 
readily fabricated in commercial 
equipment in operations where lubri- 
cation is not needed to prevent seizing. 
It can be hot worked, forged, and 
rolled, but extrusion and drawing re- 
quire special techniques. Hot-working 
temperatures are lower than for steel. 
Sponge zirconium is more difficult to 
work than iodide zirconium, because 
of its higher gas content. 4M—April 
12 °54, p199 


Indium has been found to serve as a 
versatile solder for metals and non- 
metals. Melting at 311 F, it will adhere 
to many metals when molten, and con- 
tinue to stick upon solidification. It 
has been used on 24 metals and 18 
non-metals, including glass, ceramics, 
quartz, mica, metallic oxides, and 
silicous minerals. Fluxes are not re- 
quired. PE—Dec °53, p5 


Constantin has been tried as a shim 
for brazing carbide tips to cutting 
tools, but silver-clad copper has proved 
more satisfactory. AM—Jan 4 °54, 
pli4 


Cerrobase alloy can be cast to shape 
for making spinning chucks for re- 
entrant shapes. Wooden molds will 
serve for casting. After work is spun, 
alloy is melted out. Material can be 
machined with tools used for turning 
wooden chucks; blow holes can be 
repaired by soldering. AM—Feb 15 
54, p145 


Powder-metal parts are not difficult to 
machine, provided cutting tools are 
kept dead sharp to avoid smearing the 
surface and spoiling the porosity of 
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the material. Best results are obtained 
with carbide tools, but HSS is suitable 
for low-production work. Diamond 
tools are excellent but usually too 
costly. For specific information, see 
under particular operation. AM— 
April 26 °54, p102 


Powdered-metal piston rings to be pro- 
duced by Thompson Products will 
have the same composition as cast 
iron, but a graphite content of 20% 
will be possible by mixing and sinter- 
ing at 1600 F. Cast iron can hold only 
44% in the molten state, 3% at 
room temperature. 4M—Mar 29 °54, 
p81 


Developments in powder metallurgy 
now make it possible to produce sheet, 
rod, tube, and extruded sections from 
powders extracted directly from ores 
or from powder derived from scrap. 
Costs are somewhat lower than for 
rolling. Alloys present no difficulties, 
and production of heat-resisting mate- 
rials is envisaged. For materials with 
low green strength, the powder can 
be sprayed through special guns to 
form sheet or other forms. AM—June 
7 54, p143 


Platinum wire 30 millionths in diam- 
eter is produced by W & L E Gurley, 
Troy, N Y, by drawing through a 
diamond die to 0.003 in., then plating 
with 0.030 in. of silver. After redraw- 
ing through the 0.003-in. die, the silver 
is removed by acid, leaving the plati- 
num to the desired diameter. AM— 
April 26 °54, p149 


High-density sintered tungsten can be 
machined with conventional tools and 
machines when prepared by the Por- 
phil process patented by Philips Labo- 
ratories, Irvington, N J. To prevent 
tearing the sintered ingot, it is im- 
pregnated with gold or copper, which 
is melted out after machining. Ma- 
chining is easy up-to densities of 83%, 
possible up to 90%. By previous 
methods, a partly sintered 55% den- 
sity was the best that could be ma- 
chined. Adding or removing the im- 
pregnating material does not cause 
distortion or change the physical prop- 
erties of the tungsten compact. AM— 
May 24 ’54, p161 


Special alloys produced under excep- 
tional metallurgical control will soon 
be custom rolled into strip as thin as 


0.0001 in. by a few inches wide for 
electronic and other purposes. AM— 
June 7 ’54, p113 


Kirksite is a suitable material for 
stretch-forming dies, as it is smooth 
surfaced and long wearing. It liquifies 
at 717 F and is usually poured at a 
somewhat higher temperature into a 
tamped-sand mold. On deep shapes, 
mold can be cored so shell-like die 
becomes self-supporting through: in- 
tegrally cast internal framework. 
When die becomes obsolete or un- 
serviceable, material can be remelted 
and used again. AM—July 19 ’54, 
p139 


Nonmetallic materials 


Glyptol cement is applied to nuts and 
threads to insure permanency of joints 
in assembly of goniometers. AM— 
Aug 17 °53, p97 


Rubber blocks can be sliced into test 
coupons with smooth, parallel sides by 
rotary knife held in lathe chuck. See 
illustration under “Cutoff.” AM— 
Sept 14 ’53, p134 


Rubber or Neoprene tires for greater 
bandsaw gripping power are being em- 
ployed on Walker-Turner and Delta 
machines. The tire is molded around a 
perforated steel backbone and has 
flutings on the inside circumference. 
Any desired cutting speed can be em- 
ployed without danger of the tire com- 
ing off or exploding. AM—Jan 18 °54, 
p105 


Fiberglas honeycomb, bonded with 
Alclad on both sides, is being tested by 
Convair for aircraft structures. It re- 
duces heat transmission through the 
skin, has high strength-weight ratio, is 
fuel-tight, and cuts out many fabricat- 
ing Operations on bulkheads and 
stringers. AM—Mar 1 °54, p137 


Metal-bonding adhesives are finding 
wide use in many industries, including 
household appliances, automative, tele- 
vision, locomotive, and aircraft. Joints 
are stronger, cheaper, and more easily 
made. AM—Mid-Nov °53, pES 


Ceramic material (Sintox), an oxide of 
aluminum is being employed as a tool- 
tipping material by BSA Tools, Ltd, 
England. With its properties of insula- 
tion, and resistance to wear, heat, and 


chemical attack, it is replacing carbide 
for wire-drawing dies, wire guides, and 
in other places subject to severe wear. 
Used as a locating pin in- projection 
welding, it outlasted hardened steel 
20 to 1 and gave better welds because 
current did not track through it. M— 
Jan 2 °54, p34 


Thin ceramic shells have been devel- 
oped by Battelle Memorial Institute 
for investment casting of titanium air- 
craft parts. AM—Jan 4 ’54, p73 


Felt pads are employed for supporting 
instrumentation lines. Holes are 


_punched in felt strips with pneumatic 


punch and spacing jig, then slit to edge 
with hand shear to permit inserting 
tubing. AM—Jan 4 °54, p94 


A wide range of treatments can now 
be applied to felt to produce virtually 
any desired properties. These include 
weatherproofing; lubrication; sealing; 
flame, fungus, and vermin resistance; 
non-skid; and stiffening. In addition, 
pressure-sensitive adhesives can be ap- 
plied to permit rapid, easy attachment 
to virtually any surface. PE—May °54, 
p194 


Paint serves as an adhesive for attach- 
ing insulating blankets to heating unit 
panels. Original specs called for ap- 
plying with an adhesive over prime 
coat but, at painter’s suggestion, it is 
now rolled on to the wet paint right 
in the paint booth. AM—Jan 18 °54, 
p273 


Special wax that will not melt below 
350 F is used by Boeing as a masking 
agent in chrome, cadmium, copper, 
silver, and nickel plating. Wax can be 
remelted and re-used as required. AM 
—May 24 ’54, p97 


Mahogany veneer impregnated with 
synthetic resins and laminated into 
board is being employed by Ford in 
place of solid mahogany usually used 
to make wooden models from which 
steel production dies are formed. 
Swelling, shrinking, and moisture ab- 
sorbtion are reduced, and heat-resist- 
ant qualities are increased. Develop- 
ment was done jointly by Ford and US 
Forest Products Laboratory. AM— 
May 10 ’54, p109 


Masonite stands up well as die mate- 
rial for stretch-forming simple shapes 
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but is not too good for profile form- 
ing. It is recommended for experi- 
mental work and short production 
runs where a slight dimensional drift 
is not important. AM—July 19 °54, 
p140 


Rock maple is a dense, hard wood 
suitable for stretch-forming dies. It 
can be machined with metalworking 
tools and shaped into complex con- 
tours. For large dies, the tool can be 
built up from brick-size blocks glued 
together with phenolic resin glue. Ma- 
terial is tough, has no pronounced 
grain pattern, and takes a high polish. 
AM—July 19 °54, p140 


Carbides 


Chromium carbide can be employed 
for hard facing by sprinkling on work 
in powder form, then fusing. Surface 
will be smooth, dense, and abrasion 
resistant, but not suitable for impact. 
Corrosion resistance is similar to that 
of stainless steel. Hardness runs about 
54-61 R, for one layer, 57-63 for two 
layers. AM—Aug 17 °53, p126 


Chrome carbides, although not suit- 
able for cutting tools, are less expen- 
sive and less strategic than tungsten 
carbides. Their high hardness, wear 
resistance, and corrosion and chemical 
resistance make them suitable for a 
wide range of applications. PE—Aug 
*53, p154 


Chrome carbide has 30 times the cor- 
rosion resistance of other carbides, 10 
times that of 18-8 stainless. Used for 
gage blocks, it prevents trouble with 
perspiration and high humidity. Wear 
resistance is 50 times that of steel, 
and coefficitnt of expansion is similar. 
Wring factor can usually be neglected. 
AM—Nov 23 '53, p122 


Hastelloy B makes excellent locating 
inserts in soldering fixtures because it 
is not susceptible to corrosion by hy- 
drochloric acid. AM—Aug 17 ’53, 
p145 


Carbide toolbits can be segregated into 
steel-cutting and  cast-iron-cutting 
grades by immersion in mercury. Steel 
grade floats, cast iron and nonferrous 
cutting grades sink. Hardness can be 
checked by comparing magnetic pull 
with known-hardness samples. AM— 
Sept 14 ’53, p187 


Tungsten carbides in harder, tougher 
grades usable to 1800 F will make pos- 
sible higher machining speeds and 
heavier cuts. Made by Carboloy. AM 
—Oct 26 ’53, p97 


Tungsten carbide in a soft grade (R, 
90) permits higher productivity on old 
machines not capable of operating at 
optimum feeds and speeds for regular 
carbides. It can be used successfully 
from 80 to 125 sfpm and at feeds of 
0.062 ipr. AM—Nov 9 °53, p122 


Tungsten carbide die barrels for press- 
ing iron powder prevent galling and 
avoid formation of ridges on work- 
pieces. AM—Nov 23 ’53, p124 


Solid pieces of cemented carbide 
weighing up to two tons are now being 
produced on a 220-ton hot press at 
GE’s Carboloy dep’t. Material is used 
for large die sections, steel strip rolls, 
punches for cold extrusions, and other 
purposes. Sizes range from 21in. dia x 
21 in. high, to 7-in. dia x 5 ft high. 
AM—Mar 15 °54, p185 


New Pittsburgh company, Firth- 
Loach, is set up to manufacture car- 
bides. Unusual angle is that it will not 
make carbide tools, but will concen- 
trate entirely on producing small 
blanks for tool tips, larger pieces for 
dies. BW—May 8 54, p71 


Plastics 


Polyvinyl acetal used as insulation on 
electric motor windings is claimed to 
be virtually indestructible under nor- 
mal working conditions. Stators wound 
with this material at International Re- 
frigerators Co, Peterborough, England, 
are boiled in trichlorethylene, then de- 
hydrated without injury. M—Aug 15 
°53, p1329 


Thermosetting laminated plastic is em- 
ployed as retainer for ball bearings, 
makes possible speeds over 100,000 
rpm, reduces centrifugal force, and 
eliminates galling. AM—Aug 17 °S3, 
p157 


Acrylic bubble for helicopter cockpit 
enclosure is blown from flat sheet at 
Bell Aircraft Corp. Material is 5/16 
in. thick and is clamped in a fixture, 
heated to 325 F, and blown to shape 
by air at 95 psi. Blowing takes 3 min, 
hardening 15 min. PE—Aug °53, p3 
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Extruded plastic sheet can be formed 
into large or complex shapes by vac- 
uum molding process. Process is fast 
and economical, die cost is low. AM 
—Sept 14 °53, p153 


Thermoplastic materials can be fabri- 
cated by vacuum forming or draw 
forming. Materials include acrylics, 
acetates, rigid vinyls, polystyrenes, rub- 
ber-modified materials, and plasticized 
rubber-styrene copolymers. Because of 
shrinkage, tolerances should not be 
less than 0.002 in. per in. of length; 
sharp corners should be avoided. PE 
—June °54, p129 


Plastic bodies for automobiles are a 
perfectly feasible production item and 
appear to offer no real problems. 
Chevrolet reports that manufacturing 
difficulties have been ironed out. AM 
—Oct 26 °53, p164 4 


New plastics are developed to stand 
up to temperatures above 400 F and: 
are being employed in jet engines. 
Foam-type plastics are used as fillers 
in aircraft wings, adding strength and 
permitting thinner airfoil panels. GE 
Permafil is a plastic sealant that seals 
porous castings better than sodium- 
silicate sealant. AM—Mid-Nov ’S3, 
pFil 


Resin-impregnated gilass-fiber struc- 
tures for compressor blades on turbo- 
jets and turboprops are being devel- 
oped by Thompson Products Inc, 
Cleveland. Problem is to find resins 
that retain high strength at elevated 
temperatures. AM—Dec 7 ‘53, p105 


Vinyl-coated steel is formed into in- 
closures, requires no painting. Mate- 
rial can be worked with regular press 
tools, but must be protected by card- 
board, and extra clearances are re- 
quired. Piercing steel side up permits 
slight burr to be burnished into the 
vinyl. Stock must be heated if plant 
has cooled off over weekend. AM— 
Dec 7 °53, p152 


Acrylic plastics can be machined with 
standard metalworking tools, although 
some modifications are desirable for 
best results. See under Machining for 
specific recommendations. AM—Feb 
1 °54, pll4 


Curtains made of 8-gage vinyl sheet 
and suspended from rods in front of 


H9 





AM production nuggets ... MATERIALS AND COMPONENTS 


storage shelves protect stored dies and 
small tools from plant dust at Hewlett- 
Packard plant, Palo Alto, Calif. AM 
—Feb 15 54, pi35 


Epoxy resins have many desirable fea- 
tures for tooling. They are dimension- 
ally stable, cure at room temperature, 
have good adhesive qualities and im- 
pact resistance, and are not corrosive. 
They can be made flexible by addition 
of polymers. Disadvantages are short 
pot life, 30 to 120 min, so must be 
mixed in small batches, have tendency 
to soften above 250 F, and should not 
be cast over %2-in. thick because of 
heat generated in setting. They are 
good for making fibrous glass laminate 
fixtures, and faces for double-action 


parts for wiring and plumbing assem- 
blies to avoid risk to costly actual part. 
AW—Mar 1 ’54, p40 


Fixture for projection welding is made 
from fiber-base phenolic resin and 
holds work with die-set accuracy. Six 
aluminum studs are positioned on alu- 
minum plate within a tolerance of 
0.0002 in. See illustration under 
Welding. AM—June 21 °54, p120 


Polyester resins can be combined with 
glass cloth to make light, strong fix- 
tures for welding and machining. Such 
tools are easily repaired or reworked, 


and drill bushings can be installed 
easily. Although not so dimensionally 
stable as epoxy resins, this can be over- 
come by using steel or aluminum tub- 
ing as a framework. Material is 
cheaper than epoxies, and is better 
where heat is involved, remaining 
strong up to 250 F. AW—Mar 1 ’54, 


p42 


Thermoplastic materials of ethy! cellu- 
lose base are particularly applicable 
to making drop-hammer tooling, but 
such punches should not be used for 
sharp, deep draws or hot work. Mate- 
rial costs more per lb than zinc-base 
metal but is as cheap per cu ft. 





dies, Keller blocks, and drop-hammer 
dies. AW—Mar 1 °54, p40 


COMPARATIVE RATINGS OF SURFACING ALLOYS 


General Re- 
atmos- Re- sistance 
pheric sistance *to hot 
corrosion to earth defor- 
Hardness resistance ebrasion mation 





Epoxy resin plastic is being used by 
Boeing for making production dies in 





80 to 86 hr, as against 250 hr for steel 
dies. Material bonds to wood, glass, 
metal, etc, without heat or pressure, 
can be filed easily, hardens in 8 hr, and 
reaches full strength in 48 hr or less. 
AM—Sept 14 °53, p105 


Epoxy resin plastic is employed by 
Boeing Airplane Co for making joggle 
dies, setting drill bushings, and other 
tooling applications. Material hardens 
in 8 hr, will bond to most other mate- 
rials without heat or pressure, and can 
be shaped by filing. AM—Oct 26 ’53, 
pl19 


Epoxy resins have made rapid ad- 
vances in the field of metal-to-metal 
bonding. Reasons are: retention of 
bonding strength up to 150 F; low 
volume shrinkage; contact pressure 
cure at moderate temperatures; high 
resistance to chemicals; absence of 
placement-disturbing volatiles; and 
availability in liquid, paste, and stick 
form. PE—July °54, p166 


Phenolic plastics are suitable for mak- 
ing dies for short runs, and for pro- 
ducing masters for Keller and Hydro- 
tel machines. Parts have a hard, di- 
mensionally stable surface. Common 
use at Lockheed is for stretch-press 
dier in which phenolic is cast over 
wood, concrete, or phenolic-foam 
core. Phenolic press dies can be made 
in 10% of the time, and for 25% of 
the cost of steel dies. Another impor- 
tant application is in making dummy 
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1. Ferrous 
A. Hardenable Alloys 

1. Carbon Steels 
@. Low 
b. Medium 
¢. High 

2. Low-Alloy Steels 
a. Low carbon 
b Medium carbon 
¢. High carbon 
d. Cast-iron types 

3. Medium-Alloy Steels 
@. Medium carbon 
b. High carbon 
¢. Cast-iron types 

4. Medium-high Alloy 
@. Low carbon 
®. Medium carbon 
@. Very high alloy 
d@. Cast-iron types 

5. High-speed Steel 

. Astenitic Steels 
1. Chromium and Cr-Ni 
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2. High-Alloy tron 
@. 1.7% carbon 
b. 2.5% carbon 
c. very high alloy 
- Cobalt Base Alloy 
A. Low Alloy 
8. High Alloy 
. Carbides 
A. Inserts 
8. Composite 
C. Powder 
- Copper Base 
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y. 
A. Nickel-Copper (Monel) 
B. Nickel-Chromium 
(Nichrome) 
C. Nickel-Chromium-Tung- 
sten-Molybdenum 
(Hastelloy) 


RATINGS OF surfacing alloys, prepared by AWS, run from 10 to 100. 
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100 means you can 


expect best possible wear; 10 usually gives poorest wear. AM—Aug I7 ‘53, pl!7 


1955 . Production Planbook 

















Punches and dies can be refaced in 
minutes by heating the face and re- 
seating the other half of the tool. 
Grinding is not required. Material can 
also serve in double-action dies—pre- 
ferred setup being thermoplastic die 
and phenolic punch; draw ring may 
be phenolic, epoxy, or metal. AW— 
Mar 1 ’54, p42 


For cast-plastic tooling, Couvair em- 
ploys a modified liquid-phenol-formal- 
dehyde resin (Rezolin) which may be 
cured at room temperature or at 160 
F. Accurately measured amounts of 
resin and catalyst or accelerator are 
mixed together and poured into the 
mold. AM—Mar 15 ’54, p122 


Glass cloth and plastic laminates are 
employed by Convair for a wide vari- 
ety of tools. Process saves time and 
labor, and avoids scratches on work. 
Fixtures are made from a production 
mockup, plaster splash, or actual part, 
by building up alternate layers of 
glass cloth and plastic. Plaskon 941 
polyester and Rezolin L-900 epoxy 
resins are currently employed. Poly- 
ester is cheaper, but epoxy is used 
when extreme dimensional stability is 
required. AM—Mar 15 ’°54, p124 


Reinforced plastic replaced deep- 
drawn sheet aluminum for certain 
aircraft components, resulting in great- 
ly reduced tooling charges and elimi- 
nating small-quantity premium. In ad- 
dition, appearance was improved, 
weight reduced, and product less easily 
dented. AM—June 21 ’54, p139 


Plastic moldings made by the mat 
process or on a shaped screen on a 
hatmaking machine are widely ap- 
plied in aircraft industry. These meth- 
ods are supplanting the conventional 
method of laminating glass cloth with 
thermosetting resin. AM—July 5 °54, 
p139 


New plastic material called Dunnlew 
was developed by Boeing for a special 
job. It will stand 36,000 psi pressure 
but not the —79 to +-160 F tempera- 
ture required. Discarded for the origi- 
nal purpose, it is now employed as 
facing material for joggle dies. Punch 
and dies are rough-formed in steel, 
then drilled for anchorage holes for 
the plastic. Unjoggled part is set be- 
tween punch and die in a pouring box, 


and plastic poured in. When hard, 
block is sawed down the middle and 
plastic faces radiused. Finishing time 
is 35 hr instead of 100 needed for 
steel. To create the offset for the jog- 
gle, a shim is placed under the die on 
one side, over the punch on the other. 
AM—Mar 29 54, p139 


Twenty percent of all dies used in the 
automobile industry are made of plas- 
tic, usually polyester, phenolic, or 
epoxy, but still better materials are 
being sought. Types of dies include, 
drophammer, draw, _ stretch-form, 
blanking dies with metal cutting in- 
serts, and hammerform blocks. Prin- 
cipal advantages are lightness, accu- 
racy, and low cost. AM—Mar 29 ’54, 
pl47 


Rezolin 72S plastic is an economical 
material for making stretch-form dies 
and can be cast from standard masters 
and mock-ups. It does not shrink, so 
no shrinkage allowances need be 
made, and fitting time and truing up 
are held to a minimum. AM—July 19 
54, p139 


Various kinds of plastic and wood can 
be shaped economically on a centerless 
grinder by crush dressing the grinding 
and regulating wheels and grinding the 
work rest with the work wheel. One 
dressing usually lasts for many thou- 
sands of parts. AM—May 10 ’54, 
p134 


Plastic pushers for ball pens are end 
drilled by a Dumore unit. Brass bush- 
ing plate guides drill as air cylinder 
feeds it to preset stop on drill unit. 
Work is held in nest shaped to fit part 
to insure central hole, and fixture is 
designed to spring open unless opera- 
tor pulls lever. AM—May 10 ’54, 
p136 


Materials . . . general 


Alloying elements in steel have differ- 
ent effects on the physical properties. 
These are shown in a table. AM—Aug 
31 °53, p110 


Powder-metal parts can often replace 
machine-made parts with equivalent 
accuracy and lower cost. Greater wear 
resistance can be obtained, and normal 
porosity retains oil to produce excel- 
lent bearing surfaces. AM—Sept 28 
*53, pl30 
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Why materials behave as they do under 
deforming pressures, is explained by 
their crystalline structure. The funda- 
mentals of crystallography are ex- 
plained. AM—Sept 28 '53, p139 


Plastic mass, made by cooking emulsi- 
fied polyvinyl, dibutyl-phthalate, vac- 
uum oil, and calcium stearate, is used 
by Soviet engineers to transmit pres- 
sure for clamping work in fixtures and 
for actuating piercing and forming 
punches in dies. Material behaves 
somewhat like an incompressible 
liquid under pressure of a plunger. 
AM—June 21 54, p126 


Polystyrene patterns are used for in- 
vestment casting of turbine and blower 
wheels. To reduce mold costs, first 
patterns are machined from solid plas- 
tic until design and technique are 
perfected for production. Then mold 
is cut with assurance of trouble-free 
operation. AM—June 21 °54, p134 


Rigid vinyl plastic products can be 
produced on conventional metal- 
stamping equipment by a process de- 
veloped by B F Goodrich Co. Parts 
such as pipe and road signs are 
stamped by employing a rapid con- 
veyor to carry the pre-heated sheet 
through the press. No finishing is 
needed, and vinyl sheet up to % in. 
thick can be handled. AM—July 5 
°54, p97 


Light-alloy forgings already processed 
in Alcoa’s 15,000-ton forging press 
amount to some 5 million tons. Indica- 
tions are that draft angles can be re- 
duced to 3°, thin webs appear to be 
quite practicable. In-process machin- 
ing may be advisable. ME—Sept ’°53, 
p693 


Ferrous and nonferrous materials, 
clad on one or both sides with brazing 
alloy, are made by American Silver 
Co, Flushing, N Y, under the name 
Braze-Clad. Material makes void-free 
joints, or can be used for making parts 
in which the alloy is automatically pre- 
placed for blind or large-area joints. 
AM—Mid-Nov °53, pE5 


Metal borides are being developed for 
possible high-temperature applications. 
Research is being undertaken jointly 
by Carborundum Co, Firth Sterling, 
Inc, and American Electro Metal 
Corp. AM—Dec 21 ’53, p81 





AM production nuggets... MATERIALS AND COMPONENTS 


Corrosion and fatigue resistant alloy 
developed by Elgin Nat'l Watch Co 
for watch mainsprings is now com- 
mercially available for making parts 
requiring similar spring characteristics. 
It has high elasticity and tensile 
strength, can be welded, brazed, sol- 
dered, punched, formed, and machined 
with carbide tools. AM—Dec 21 ’53, 
psi 


Radioactive materials are machined at 
Oak Ridge by remote control. Spe- 
cially modified lathe, milling machine 
and power hacksaw are housed in 
concrete cell equipped with manipula- 
tors for handling the work. All ma- 
chine controls can be operated from 
outside the cell, with the operator ob- 
serving through a double window 3 ft 
thick filled with liquid zinc bromide. 
AM—April i2 °54, p161 


Radioactive materials required in 
atomic-powered submarine power 
plant are machined in special cells by 
remote-controlled machine tools. 
Some machines, however, must be op- 
erated completely submerged in as 
much as 25 ft of water. Westinghouse 
has developed specially modified ma- 
chines for underwater operation by 
remote control. AM—April 12 °54, 
p166 


COMPONENTS 


Feeders and loaders 


Special stock feedout device feeds bars 
out to twice normal length on Cono- 
matic 6-spindle automatic, and per- 
mits making shafts in a single opera- 
tion. Earlier method involved separate 
lathe operations for cutoff, center and 
chamfer, straightening in a press, and 
turning OD in a lathe. AM—Oct 12 
*53, p149 


Dickerman hitch feed applied to Den- 
nison Multi-Unit press helps to make 
possible the automatic production of 
fine-pitch clock gears at the rate of 
6000 per hr. AM—Mid-Nov ’53, pD4 


Automatic press loaders increase pro- 
duction 300% over manual loading. 
Automatic index table has 120° swing 
and offset-flanged motor to permit die- 
set mounting at optimum dead center 
ram position. Interlock prevents ram 
from descending until index is locked. 
AM—Nov 23 ’53, p105 


Hi2 


Feed hoppers, cam-timed sequence 
switches, air claraps, and signal bells 
are combined with power screwdrivers 
into an automatic assembly machine 
that increases production 300%. AM 
—Dec 7 '53, p160 


Pneumatic equipment 


Air cylinders clamp Ford body panels 
into welding buck to give operator 
more time for welding in the tight 
time cycle. AM—Oct 12 53, p164 


Air cylinder serves as jack to adjust 
position of Ford generator and obtain 
desired tightness of belt. Job was for- 
merly done by two men, one prying up 
the generator with a bar. AM—Oct 12 
*53, p183 


Air cylinders employed to operate 
lathe chucks substantially reduce 
chucking time and operator fatigue, 
and are important means of increasing 
production. AM—Oct 26 ’53, p138 


Air-cylinder operates clamping device 
for holding work in gun-drilling ma- 
chine. Device speeds loading and per- 
mits a variety ef work lengths to be 
handled without changing tooling. See 
illustration under Tooling. AM—Feb 
15 °54, p163 


Air-operated drawbar is fitted to spin- 
dle of converted Brown & Sharpe gear 
cutter to clamp clutch plates by means 
of a removable spider while four. lugs 
are being milled. See illustration un- 
der Milling. AM—June 21 ’54, p130 


Air cylinders operate special lathe at 
Lipe-Rollway. Air power grips work, 
moves carriage through rapid advance 
and cutting pass. Limit switch stops 
motion and air returns carriage to 
starting position. See illustration under 
Turning. AM—June 21 °54, p130 


Air-operated drawbar and air cylinder 
operate milling machine for cutting 
two keyways in clutch sleeves. Draw- 
bar grips work against faceplate, cy- 
linder moves machine table back and 
forth. See illustration under Milling. 
AM—June 21 °54, p131 


Air cylinder under assembly bench 
compresses heavy clutch springs so 
levers and other components can be 
added to main plate, flywheel ring, 
and sleeve that have already been as- 
sembled. See illustration under As- 
sembling. AM—June 21 °54, p131 





Air cylinder pushes work in special 
carriage over boring bar held in spin- 
dle of converted lathe. Air clamps 
hold work in carriage. See illustration 
under Boring. AM—June 21 ’54, p131 


Two air cylinders are attached to a 
Baker drillpress for drilling clutch 
hubs. One operates the fixture that 
locates and holds the hut under the 
spindle; the other works from a foot 
control to raise and lower the drill 
spindle. See illustration under Drilling. 
AM—June 21 ’54, p132 


Air chuck holds work for precision 
boring in Bore-Matic and permits 
rapid loading and unloading. Chuck- 
jaw adapter is hardened and ground 
to nest work which is bored concentric 
with OD within 0.0002 in. AM—June 
21 °54, pl18 


Air cylinders are employed to operate 
turret and cross-slide on turret lathe 
at Kwikset Locks, Inc, Anaheim, 
Calif, replacing tiring hand effort and 
increasing speed of machine opera- 
tion. Chuck can also be air-operated. 
AM—April 26 °54, p106 


Pneumatic clutch added to 225-ton 
press replaces mechanical-lever rig 
that was slow and dangerous. New 
clutch is faster and allows more ac- 
curate inching during setup work. 
AM—Dec 7 ’53, p140 


Air cylinders attached to drill heads 
feed two drill spindles up and down 
on special facing and reaming ma- 
chine. See illustration under Reaming. 
AM—April 26 ’54, p106 


AIR CYLINDERS actuate high-speed facing 
machine for lock components. Air power 
indexes table, feeds cutter, and ejects parts 
as they come opposite ejection chute. AM 
—April 26 ‘54, pl07 
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Pneumatic steadyrest with self-con- 
tained actuating cylinder and control 
valve speeds loading and unloading of 
large trepanning jobs. Roller supports 
are preferred to plain pads. AM—Jan 
4°54, pl12 


Air cylinders clamp tank engine cylin- 
ders in position for drilling locating 
center with special inverted air drill. 
Air-operated finger aligns head in 
plane 90° to clamping action. AM— 
July 19 °54, p123 


Hoses for air tools must be of the right 
size for maximum tool efficiency. Even 
slightly undersize hose can reduce 
pressure 1 psi per foot of length. Ex- 
cessive length is also a power waster. 
Tapered valves, and worn or poor 
quality fittings and connectors are also 
important factors in increasing the 
cost of air tool operation. AM—Mar 
15 °54, p154 


Power wrenches 


Setting and releasing of cam clamps on 
transfer machine is performed by 
Cushman power wrench. AM—Oct 
12 °53, p144 


Power wrenches can be applied to op- 
erate chucks on various types of ma- 
chine tools. They can apply high grip- 
ping pressure with no effort on the part 
of the operator. AM—Oct 26 ’53, 
p137 


Cutting fluid equipment 


Atomizing units for mist cooling are 
manufactured by a number of com- 
panies and can be applied to a wide 
range of machine tools and cutting 
operations. AM—Sept 14 ’53, p137 


Alemite oil-mist system on multi-head, 
5-way drilling machine for Ford en- 
gine blocks saves 1000 gal. of oil per 
year. On basis of 27 other installations, 
savings will amount to 34,000 gal. per 
year. AM—Oct 12 °53, p177 


Tolhurst chip wringer added to screw 
machine line reclaims 4.75 gal of cool- 
ant per day. Installation is part of re- 
vised setup for improving efficiency in 
production of bushings at Ford. AM 
—Oct 12 ’53, p133 


High-pressure coolant pump is needed 
for trepanning operations. A 150 gpm 


pump with 30-hp motor for 175 to 
300 psi is desirable. Magnetic filter is 
required to remove metal particles 
which would damage gear pump. 4M 
—Jan 4 °54, pl11l 


Components . . general 


Quick-disconnect fittings for hydraulic 
and electric power, and for air and 
water, permit rapid change-over of 
fixtures in welding presses to allow 
machine to handle different parts. AM 
—Oct 12 ’53, p165 


Ceramic permanent magnets made by 
powder metallurgy by Henry L. 
Crowley & Co, West Orange, N J re- 
tain magnetism even in highly demag- 
netizing fields. AM—Oct 26 °53, p97 


Record playback control directs mill- 
ing machine operation by magnetic 
tape; has many other possible applica- 
tions. Built by GE for Giddings and 
Lewis. AM—Oct 26 53, p97 


Variacs control tool downfeed and 
speed of tracer stylus on automatic 
setup for cutting elongated ports in 
large ring. AM—Nov 9 ’53, p117 


Boston ratio motor and Sears & Roe- 
buck adapter (for converting a port- 
able drill into a saw) serve to provide 
reciprocating motion to drillpress fix- 
ture for honing operation. AM—Feb 
1 °54, p102 


Packing is a most important item in 
hydraulic press construction. The 
chevron type has been found the most 
effective—this is a series of inverted 
V-rings with suitable adapters top and 
bottom to fit gland face and bottom of 
packing recess in the cylinder. Sealing 
is obtained under both low and high 
pressure. AM—Mar 29 °54, p125 


Tachometers for cutter speeds and 
armature-current indicators for torque 
measurement have proved useful for 
control of machine tools housed in 
shielded cells for working on radioac- 
tive materials. A microphone at the 
cutter zone permits operator to moni- 
tor tool operation faster than by in- 
strument indication. For submerged 
operation, a long conducting rod 
touching the fixture and placed so the 
operator can put his ear to the other 
end has proved simpler than a water- 
proof microphone. AM—April 12 ’54, 
p166 
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Cams for flywheel magnetos are made 
successfully from sintered iron, and 
have approximately the same service 
life as those made of hardened steel. 
AM—Nov 23 ’53, p124 


JIC standards for hydraulic packings 
are given in a reference book sheet. 
AM—Nov 23 53, p167 


Powder metal piston rings, valve 
guides, and seat inserts and tappets 
have been tested with good results at 
Thompson Products. Parts are 
cheaper than cast iron; guides need 
no external lubrication. AM—Dec 
7 °53, pl05 


Crankshafts, slides, bull gears, con- 
necting links, and other highly stressed 
parts of large presses and headers, as 
well as header and other dies, have 
been made from ductile iron with ex- 
cellent results. Crankshafts of AISI 
1050 steel failed in six weeks, those of 
ductile iron have lasted much longer 
and show no signs of failure. Shafts 
run more quietly because of self- 
lubricating properties and high damp- 
ing capacity. AM—Dec 7 °53, p135 


Optical vernier sights and scales (Gris- 
wold Scan-a-Scale) added to Bridge- 
port miller permit jig-boring opera- 
tions to be performed. Magnification 
permits readings to +0.0001 in. AM 
—Dec 7 ’53, p145 


Titanium 12-point nuts with nylon 
locking inserts are now available for 
airframe work in sizes 5/16 to %, 
with other sizes to come. They meet 
military tensile strength specifications 
for steel nuts of the same sizes, weigh 
half as much, and resist corrosion. 
Made by Elastic Stop Nut Corp, 
Union, N J. AM—Dec 21 ’53, p81 


Integral-hp electric motors made by 
Westinghouse are smaller than for- 
merly, agree with NEMA standards, 
and have an insulation life expectancy 
three times that of earlier motors. AM 
—Feb 1 °54, p81 


Tonnage indicator is important acces- 
sory when using press brake for stamp- 
ing and forming. Its dial shows work- 
ing load in tons, also “Normal,” “Cau- 
tion,” and “Danger” points. Readings 
are valuable guide in setting up new 
jobs, warning of dull tools, and main- 
taining original bed-to-ram alignment. 
AM—Feb 1 ’54, p110 
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wi longer tool life 


...00 the job vith MEX 








the freer-machining screw stock 
available in both Bessemer and Open Hearth 








Make a note of this: USS Free-Machining 
MX Steels have been_successfully machined 
at speeds approaching 350 SFM. 


A broad appraisal of all screw machine op- 
erations shows that the average speeds used 
are under 250 SFM and that only a small 
percentage of parts are machined at speeds in 
excess of 300 SFM. 


So unless you are operating at the highest 
speeds—and comparatively few shops are— 
you simply don’t need and can’t take advan- 
tage of any greater machinability than MX 
offers. 

Remember that USS Free-Machining MX 
is designed to ensure maximum cutting 
speeds compatible with economical tool life. 
And it does. Wherever fast-cutting MX is 
put to work, production goes up and costs 
come down. From results obtained in shops 
that have used MX in more than a billion 
parts of many different kinds, we feel sure 
that MX will cut the cost of any part you 
now machine from ordinary screw stock. It 
does this in four ways. 


UNITED STATES STEEL CORPORATION, PITTSBURGH + 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + 


By increasing the rate of production, MX 
lowers the cost per part. By prolonging tool 
life, MX reduces down time. By assuring bet- 
ter part finish, MX often eliminates extra 
finishing operations. By providing closer 
dimensional accuracy, MX helps to minimize 
rejections. In short, USS Free-Machining 
MX offers you greater economy and greater 
efficiency in your machining operations. 


In view of these facts we suggest that you 
carefully review your screw machine opera- 
tions. If you normally operate at speeds lower 
than 350 SFM, your best bet is USS MX, 
either Bessemer or Open Hearth. You’ll be 
money ahead — get more parts per hour, 
longer tool life and better parts—if you use 
MX, which you can buy at the same price 
you pay for comparable grades. 


USS Free-Machining MX is produced in 
all the popular screw stock sizes. It is sold in 
cold-finished form by your regular supplier 
either as “MX” or under his own identifying 
trade name. In hot-rolled form MX is avail- 
able through our nearest district sales office. 


AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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LANDING FLAPS on the Model 340 Convair arr- 
liner slide on tracks made of CarmLoy 4140 
steel T-sections. These tracks are much stronger 
than those formerly made from rectangular 
bars. And they cost 75% less! 
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lops 4 hours off machining time, 


provides stronger flap tracks for Convair airliners 


and cuts costs 757. 


@ Wing flap supports for Consolidated Vultee’s 
Model 340 Convair airliners are stronger, cost less, 
and are of better quality now that they are made 
from hot-rolled sections of U’S‘S Carrm.oy steel. 

When J. C. Peacock Co., of Los Angeles, Cali- 
fornia, started making these T-shaped flap tracks for 
Convair, the accepted practice was to machine them 
from 214" x 34” bars of alloy steel. But machining 
took a lot of time, and more than 50% of the stock 
metal was wasted in scrap. 

Peacock and Convair engineers studied the prob- 
lem and soon realized that they could shorten ma- 
chining time and reduce scrap losses by fabricating 
directly from rolled sections. The question was, where 
to find a good supply of steel that would meet all the 
exacting quality requirements? Our Columbia- 
Geneva Division came through for them, by provid- 
ing hot-rolled T-sections of CARILLOY 4140 steel. 

This steel is giving excellent results. Not only are 
the CARILLOy parts stronger than those formerly used, 
but they require 4 hours less machining time, and 
reduce scrap losses 60%. What’s more, finished tracks 
now cost only one-fourth as much as they did before. LEFT, the T-shaped hoes of ik Gas iene Gs Ree ak 

Our experienced steel engineers and metallurgists 2%" x 3%” steel bar shows how much metal was formerly 
may be able to help you make similar savings on your wasted. 
products. Call our nearest District Office. Chances RIGHT, the same flap track in front of the CarrLLoy T-section 
are we can supply just the steel and the form you need. thet cota cop tom S9%- 





UNITED STATES STEEL CORPORATION, PITTSBURGH * COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA, * UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NicW YORK 


Carilloy & Steels 


COMPLETE PRODUCTION FACILITIES IN CHICAGO OR PITTSBURGH 
3-843 


Uo maese D i ee 7 ie eit 
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Carbon and 
Carbon-Vanadium 


Oil- and Air-Hardening 
Shock - Resisting 
Hot-Work 


For Every Tool and Die Job 
There’s a 
Bethlehem Tool Steel 


Whatever your tool and die jobs may be, there’s a Bethlehem tool steel 
that will give you top performance at least cost. Some are general-pur- 
pose grades; others have properties that fit them for severe or unusual 
operating conditions. Each is carefully processed in our tool steel mill. 
And when you have a problem in the selection or treatment of tool steel, 
the experience of our technical staff is yours to call on. 


High-Speed 
Special - Purpose 


Made from our BTR oil-hardening tool steel, this die blanked and formed 
nearly 8 million bottle caps from tin plate before redressing was ded 
One of ovr most popular general-purpose grades, BTR has good wear- 
resistance and shock-resistance. 





This progressive die pierces, blanks and forms 
parts from stainless-steel strip. The long-wearing 
punches are made from Lehigh H, our popular 
high-carbon, high-chromium steel. All other 
parts are made of A-H5, Bethliehern's 5 pct 
chromium air-hardening grade. 


Typical of Bethleh inspecti thods is the ultr ic examination of 
tool steel billets and large bars to detect possible injurious internal defects. 





WHERE DOES IT PAY TO USE 
ALLOY STEELS? 


Generally speaking, it is advisable to use alloy steel 
when more strength, ductility, and toughness are 
required than can be obtained in carbon steel in 
the section under consideration. Alloy grades 
should aiso be used where specific properties such 
as corrosion-resistance, heat-resistance, and special 
a low-temperature impact values are needed. 
gether with improved In some cases it requires considerable study to 
strength and a saving determine when and how to use a particular alloy 
in weight. steel to advantage in a product. Where there is any 
Every day new uses problem or doubt concerning its use, Bethlehem 


MAYARI R 
Makes it Lighter, Stronger, Longer Lasting 


This strain clamp was 
made of Mayari R be- 
cause it provides high 
resistance to atmos- 
pheric corrosion to- 


are found for Mayari R—Bethlehem’s low-alloy, 
high-strength steel. Mayari R has a yield point 
about 50 pct greater than structural-grade carbon 
steel, and from five to six times the resistance to 
atmospheric corrosion. It is easily formed and 
readily welded, and comes in sheets, plates, struc- 
turals, cold-formed shapes and bars. 


metallurgists will gladly give impartial advice on 
analysis, heat-treatment, machinability, and ex- 
pected results. 

In addition to manufacturing all AISI standard 
alloy steels, this company produces other than 
standard analysis steels and the full range of 
carbon grades. 
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A WELDMENT MAY BE THE ANSWER 


The photograph shows a 60-ton stator frame for a turbo-generator, 
made in the Bethlehem Weldment Shop. 

Bethlehem weldments eliminate excess weight without sacrifice 
of rigidity, and serve either as simple parts or as units of intricate 
assemblies. They can be used either alone or in combination with 
forgings or castings. Bethlehem weldments offer wide freedom of 
design as the steel can be bent, pressed or shaped prior to welding 
without harm to its physical structure. 


CPLR RNR POE OT AT ZT eT 


COLD-FORMED SHAPES 
Solve Many a Production Problem 


Bethlehem Cold-Formed Shapes are regular or irregular shapes, 
formed cold from steel sheets, strip or plates. They have excellent, 
relatively smooth surface finish, practically free of scale and rust. 
They have a good strength-weight ratio, and are easy to weld and 
assemble. 

We make them on presses, brakes or rolls in all gages from 5 to 24. 


CIRCULAR BLANKS 
Made by Forging-Rolling Process 


The unique process by which these blanks are made, combining 
forging and rolling with the attendant benefits of both, imparts a 
tough structure and homogeneity, with superior strength, often 
making possible thinner sections and a saving in weight. We 
strongly recommend Bethlehem forged-and-rolled blanks for gears, 
crane wheels, sheave wheels, flywheels, brake drums, rotors, tire 
molds and similar uses. 


FORGINGS IN A WIDE RANGE 
from a Few Ounces fo more than a Hundred Tons 


The Bethlehem forge shops turn out forgings ranging from among 
the smallest made, so small you can balance them on the tip of 
your finger, up to huge heavyweights of 100 tons or more. We make 
press forgings, hammer forgings, and closed die forgings—all with 
the same exacting care. Bethlehem forgings can be made in carbon 
ot alloy grades, and shipped either as-forged, or rough- or finish- 
machined. 


om 


FASTENERS 


Bethlehem Fasteners include 2 complete 
range of standard items such as bolts and 
nuts, rivets, spikes, clevises, turnbuckles, 
studs and threaded rods. In addition, we 
turn out a wide variety of tailor-made 
fasteners to meet special requirements. 


CUT AND FORMED SHAPES 


Made from either carbon steel or soft- 
center plate steel, these flat shapes provide 
economies in the manufacture of farm 
implements, as well as in other applica- 
tions. They reach you accurately domed 
to pattern. There’s no waste. 
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SPECIAL SECTIONS 
You can count on Bethlelem to produce 
special sections rolled to meet your exact 
requirements. 





M-R-C BALL BEARINGS 


Complete Range of Types for All Requirements 





Super-Conrad Maximum-Capacity Radial Type R Radial Type R Single-Row 
Deep- Groove Type Notched Type Maximum-Capacity Bakelite Cage Extra-Light Type KR 





Maximum Capacity Conveyor Roll Front Wheel Clutch Throw-out 
Single-Shielded Bearing Bearing with Housing 





Super Conrad Thrust Bearing Super-Conrad Clutch Throw-out 
Flat Washer Type Snap-Ring Type Plain 





Cartridge Type Adapter Type Fabri-Seal Type 
Maximum-Capacity Type Double-Shielded (for Lineshafting) with Sealing Ring 




















Extremely-Light Double-Felt Seal Super-Conrad Snap-Ring 
Inch-Size Shielded Both Sides Type Single-Shielded 














MARLIN - ROCKWELL CORPORATION 


Executive Offices: JAMESTOWN, N.Y 
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it’s tops 


“J&L 1200” Steel provides the qualities that help machine 
operators do top-flight work at lower overall costs. With 
“J&L 1200,” the operator obtains: better machine finishes . . . 
longer tool life . . . higher rates of speed. This fact has been 
proven time and again—in shop after shop. 

“J&L 1200” grades meet the compositions published by 
the A.LS.L....S.A.B. ...and Federal Specifications QQS-633. 

Try this steel in your own shop. Results will convince you 
“J&L 1200” deserves to be a regular specification for your 
production runs. 


Sones ¢ Laughlin 


STEEL CORPORATION — Pittsburgh 





Pa EE 


A-L HOT EXTRUSIONS (solid and hollow 
,j may solve problems for you 


Where can these leading advantages of hot-extruded special alloy steels 
apply to your production? 
1. Hot extrusions require very little finishing before use, even in the 
Help! case of involved shapes. The scrap loss is small and you can buy raw 
e materials closer to finish size. You buy less high-cost steel, cut away less 
Cee: ASP) of it . . . save both in time 1nd material cost. 

We have a parts problem that hot’ 2. The range of shapes, solid or hollow, which can be hot-extruded is 
extr.sions might solve. Let's see an AL almost infinite. They can be easily and quickly produced in any quantity. 
mnpaeneniative For iets One Gonem Dies for new or experimental parts cost little and can be made up fast. 
STAINLESS STEEL @ We're ready to serve your needs with hot extrusions in any grade of 
TOOL STEEL stainless or high temperature steel, many tool steel grades and other 
steels. Call us in to help. Allegheny Ludlum Steel Corporation, Oliver 

[] HIGH TEMPERATURE STEEL Building., Pittsburgh 22, Pennsylvania. 


[) OTHER STEELS ° 


pias Leading Producer- High Alloy Steels 


~~ | Allegheny Ludlum 


weno ssie 
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To function effectively, a spring pin must drive easily into 
holes drilled to normal. production tolerances, compressing 
as driven. To drive easily, hold firmly and fit flush, the pin 
—every pin—must meet the strict requirements of specifica- 
tions such as those prepared by the SAE and the Military 
Services. 


OMUATEREL EAL: 


Since failure of a pin can be as costly as a failure of any 
other precision part, it is important to check the pins you 
buy for uniformity... uniformity of diameter and length, 
shear strength, hardness, insersion and removas forces, and 
recovery of diameter. 


RADEMARK 


@ set scrow 
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is aS important 
in the pin as in 
the gear 


Rollpin has been tested many times—by many 
manufacturers — with a consistently high per- 
formance record. It has been widely recognized 
as the “quality” fastener of its type. In this case, 
quality can be—and should be—measured. We 


strongly urge that you test for quality when buy- 
ing spring pins. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


Dept. R28-119 Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send the following free fastening information: 


C) Rollpin samples C) Here is a drawing of our product. 
CD Rollpin bulletin What self-locking fastener would 
you suggest? 


Title. 

















WHATEVER YOUR POWER REQUIREMENTS 


THERE’S A 


RIGHT FOR THE JOB! 


sltin, Deperay 
Bue Fat Deine, ant 





i.:.See your local 
Lima Re esentative 
listed in Thomas’ Reg- 
ister, MacRae’s Blue 
Book, Conover-Mast 
Purchasing Directory, 
or write— 








THE LIMA ELECTRIC MOTOR COMPANY, 5286 Findlay Road, Lima, Ohio 
Representation Geougheut the U. $., Canada & eand 


Ttta ‘a ae “FOR MOTORS ... DRIVES ... GRINDERS 





Now They Are Mass Produced 


by HAYNES Investment Casting 


¢-— IMPROVED DESIGN AND MATERIAL—The 
tiny needle-sharp points covering this plate must 
resist severe abrasion. Machined points used to 
wear out frequently because they were pyramidal 
in shape and highly susceptible to erosion. 
HAYNES investment casting made it possible to 
cast the points in a more stable conical shape 
from a hard, wear-resistant alloy. Life has been 


increased by 5 to 12 times. 


EXCELLENT SURFACE QUALITY—For sanitary reasons, not even ——> 
the smallest crevice can be tolerated on this cream separator part. Be- 
cause of the high quality of HAYNEs investment castings, it was found 
that the intricate part could be manufactured on a production basis with a 
minimum of imperfections showing up during the final polishing opera- 
tions. This eliminated a great deal of wasted time, work, and metal. 

NO MORE MACHINING -- Haynes investment casting eliminated the 
job of machining these rollers. Service conditions require that the rollers 
be made of a special alloy which is difficult to machine. They must resist 
rusting and the cutting action of wire passing over them under tension. 
The rollers give excellent service life and there are no more machining 


problems. 


HAYNES investment castings can solve some of your own production and design 
problems. For more information, contact the nearest Haynes Stellite Company 
office listed below. 


‘*Haynes"’ is o registered trade-mark of Union Carbide and Carbon Corporation. 


HAYNES INVESTMENT CASTINGS 


Trade-Mark 


Sound, dense, high-strength parts available in 
cobalt-base alloys, nickel-base alloys, iron-base 


alloys, stainless steels, and alloy and carbon steels. 
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get all the facts about 
MUELLER BRASS CO. 


600 series bearing alloys 


in this new 
detailed 
engineering 
handbook 
+. write for 
your copy 


today 


@ This factual, illustrated 24-page handbook 

gives you complete information concerning this 

outstanding group of alloys. For your tough bearing 

applications that require high tensile strength, high density, 

light weight, resistance to corrosion and good machinability, we suggest 
you investigate the 600 series bearing alloys. Available in 

rod, forgings, or machined parts. Write for your copy . . . now. 


MUELLER BRASS COo., PORT HURON 41, MICHIGAN 
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“SELF-LUBRICATED” 
X | HIGH SPEED 
TOOL STEELS 
® DOUBLE SIX M-2 XL 
@ CRUSADER XL 


eames “DESEGATIZED” 


HIGH ALLOY TOOL STEELS 


“FREE MACHINING” 
FA. HIGH CARBON-HIGH GREATER TOOL PERFORMANCE 


CHROMIUM DIE STEELS IMPROVED MACHINABILITY 


@ OLYMPIC FM 
@ BR-4 FM 


@ SELECT B FM 


And They're Available from Warehouse Stock! 


LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 


Branch Offices and Warehouses: 
Boston Buttalo Chicago Cleveland Dayton 


Detroit Hartford Los Angeles Milwaukee LATROBE STEEL CO., LATROBE, PA, 
Newark Philadelphia Pittsburgh ‘ 
ae Le” ee Te lies send today Please send data on: 

C) XL steels [] FM steels 


Sales Agents: NAME ese 


Atlanta Charlotte Dailas Denver Houston 
Salt Lake City Wichita POSITION . 


COMPANY 


\ 
Geneva Brussels Paris Milan STREET 
Rotterdam Dusseldori 


European Offices: A\ 


CITY 








WHY IT PAYS TO BUY STEEL FROM WAREHOUSE 





bolt medola You avoid. 
release manpower You get your stee inventory losses when 


. ; i ege ° 
for other jobs! on time: specifications change! 





- You don’t need You don’t need ‘You don’t waste 
to freeze money to invest in expensive - productive space 
in inventory! cutting equipment! storing steel! 








ou get six basic benefits when you buy steel from warehouse. They are 
graphically illustrated in the pictures above. Complete stocks in fifteen 
warehouses located in important shipping centers from coast to coast assure 
you of getting what you want—when you want it. And you get it at the right 
price. Just tell your U. S. Steel Supply salesman what you want... when... 


and where. 


U. S. STEEL SUPPLY 


DIVISION 


General Office Warehouses and Sales Offices 
208 So. La Salle St., Chicago 4, Ill. Coast to Coast 


oN I T.& D o.8  Mick eS S te 
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BARREL 


A series of angular-contact, self-aligning 
bearings capable of sustaining both 
radial and thrust loads. Race and roller 
curvatures insure ideal distribution 

of load, not only for normal operation 
but also for conditions of misalignment. 





HY-LOAD 


High-capacity, cylindrical roller 
bearings for heaviest radial loads and 
light or intermittent thrust loads. 
Produced in 3 diameter series, 2 widths 
and more than 800 sizes. 





TRUNNIONED 
ROLLER 


Ideal for industrial trucks, textile 
machinery, gear purnps, conveyors, 
hoists and agricultural equipment. 
Rollers have trunnioned ends which fit 
into end rings. End rings are located 
and held parallel by spacing bars which 
also guide and retain rollers. 


HYATT BEARINGS DIVISION 
GENERAL MOTORS CORP. 


American Machinist e MID-NOVEMBER, 1954 


WOUND ROLLER 


This is a three-part separable bearing 
available in various width classifications. 
The roller construction provides 
maximum resistance to shock, 

abrasion and fatigue. 





INDUSTRIAL INCH 


Designed for slow-moving, heavily 
loaded machinery where large-diameter 
shafts are the rule. Accordingly, it is 
available in fractional-size bores for 
shafts from 4” in diameter upwards. 





Hyatt’s complete line of radial and 
angular-contact bearings— more than 800 
sizes in the Hy-Load series alone— 
provides maximum flexibility of design, 
with exactly the right bearings in every 
vital load-carrying position. 


That’s why so many experienced design 
engineers keep their Hyatt catalogs at their 
fingertips. If you do not have up-to-date 
copies, or wish the technical help of a 
sales-engineer, call or write Hyatt Bearings 
Division, Harrison, New Jersey. 


WATE 


ROLLER BEARINGS 





The GEROTOR line of precision cngineered hydraulic 
pumps is designed to fill the requirements of the majority 
of hydraulic equipment users. The 


TYPE ODB 


Gerotor’s NEW QDB series of small capacity 
pumps... the last word in precision 
engineering. 





DELIVERY G.P.M. — 1800 R.P.M. 


| DISCHARGE PRESSURE P.S.1. 


three standard 


The QDH .. . popular intermediate size of 
the Gerotor line 


GEROTOR models cover a range of g.p.m. delivery 
from .4 g.p.m. to 40 g.p.m. Check the selection data for 
the pump to fill your needs. 


TYPE oO 


Gerotor Series O .. . when larger capacities 
are needed 





DELIVERY —G.P.M. AT 1200 R.P.M. 
TYPE DISCHARGE PRESSURE P-.S.1. 
250 | 500 | 750 | 1000 | 1200) 1500 











ca 0 | 250 ) 500 ) 750 ) 1000 





DH3 3{ 3.2} 3.1 2.7 | 2.5 





Qos 4 a2 | 40 | 38 | 35 | 3 





Q08 75 |. 64 | 80 .| 78 | 73 66 





Q 
QOH S|"S6|"Sa| 53/82) S1/ 4a| 40 
QDH 8 ; 8. 8.5 84) 8. 8.2 

















QoB 15 | 167 | 162 | 157 | 150 | 1.42 


zx 81 | 78 
QOH 12 128 | 12.7 125|123| 122/18 





Selection Data 





HORSEPOWER REQUIRED — 1800 R.P.M. 
~ | DISCHARGE PRESSURE P.S.1. 


2 |_| ee 
a a 


ie Bee ee ee we 
| 42 | 70 | 1.00 | 





PRESSURE—Maximum continuous operating pressure is 
1000 p.s.i. 

SPEED—Standard design speed is 1800 r.p.m. Specific 
recommendations are made for applications at other speeds. 
ROTATION—Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is available. 


OiL— Hydraulic oils with viscosity of approximately 300 
$.$.u. at 100° F. are recommended. 








Selection Data 





HORSEPOWER REQUIRED AT 1200 R.P.M. 
DISCHARGE PRESSURE P.S.1. 
“250 | 500 | 750 | 1000 | 1200] 1500 
16] 21| 25 

B| 25| 32 

“E742 | al 63 | 78 


42; 61) 80| 9.6) 11.7 





a ii 
Q 














PRESSURE—Maximum continuous operating pressure is 
1200 p.s.i., maximum intermittent 1500 p.s.i. 

SPEED —Standard design speed is 1200 r.p.m. Specific 
recommendations are made for applications at other speeds. 
ROTATiON— Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is also available. 
OlL—Hydraulic oils with viscosity of approximately 300 
s.s.u. at 100° F. are recommended. 





DELIVERY —G.P.M. AT 1200 R.P.M. 
DISCHARGE PRESSURE P.S.I. 
TYPE | O50 100 
0-20 20.0 19.5 18.8 18.0 -) 17.2 
0-25 25.0 24.5 24.0 23.2 
0-30 31.2 31.0 30.5 29.8 
0-40 43.0 42.5 42.0 41.5 






































Selection Data 





HORSEPOWER REQUIRED AT 1200 R.P.M. 
DISCHARGE PRESSURE P.S.1. 





TYPE 


0-20 
0-25 
0-30 
0-40 


PRESSURE— Maximum continuous operating pressure is 
1000 p.s.i., except type 0-40, which is recommended for 
only intermittent duty at 1000 p.s.i. 

SPEED —Standard design speed is 1200 r.p.m. Specific 
recommendations are made for applications at other speeds. 
ROTATION — Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is available. 

OlL—Hydraulic oils with viscosity of approximately 300 
s.s.u. at 100° F. are recommended. 


GEROTOR 
HYDRAULIC PUMPS — HYDRAULIC MOTORS 


Pneumatic Bin Evacuators — Precision Contract Manufacturing 
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PRECISION 
DIE CASTINGS 


can do this 
FOR YOU 


REDUCE COST of component parts and 


end products. 
\ \ 


REDUCE OR ELIMINATE ‘ASSEMBLY COST §| 


by combining several parts into 
one die casting. 


REDUCE WEIGHT of component parts 
and end products. 


IMPROVE APPEARANCE of your product. 


IMPROVE PERFORMANCE of your product. 


HERE’S HOW... 








at NT SO ASONN S 








COMPLICATED CORING 


. Reduces subsequent machining operations. 
. Combines several parts into one die casting. 


. Makes possible low-cost production of intricate 
parts in quantity. 


EXTERNAL THREADS 


1. Reduces subsequent machining operations. 
2. Makes possible the use of many parts “as-cast.” 


LARGE CASTINGS 


1. Makes possible use of die castings for prod- 
ucts which, if cast by other methods, would 
cost considerably more. 

. By proper design, can be made stronger and 
more rigid than by other production methods. 


. Makes possible the combining of several 
small parts, reducing or eliminating assembly 
costs. 

. Recent developments prove die castings by 
Precision can do tough jobs where functional 
stress is involved. 





R 


Many die castings, particularly alumi- 
num, can be self finished. (e.g., Poi- 
ished Aluminum) 


. Die castings can be painted, oxidized, 


plated or self finished by polishing. 


. Precision can finish in any manner in- 


cluding precious metal plating. 


. Precision has complete plating and 


finishing facilities at the Kalamazoo, 
Mich., and Syracuse, N. Y., plants. 


THIN SECTIONS 


1. 


Makes possible the production of parts 
where rapid heat transfer or dissipa- 
tion is important. Combined with high 
heat conductivity of aluminum, makes 
possible many products at low cost and 
greater efficiency. 


. Helps designer achieve weight reduc- 


tion in product. 


. Reduces cost of many products as less 


metal is used. 


INSERTS 


L, 


2. 


Inserts of any metal can be cast in die 
castings. 

Makes possible the production of com- 
pletely integrated parts — functional, 
electrical, structural, etc. 


. Inserts can be cast in for functional 


and ornamental purposes. 


CLOSE TOLERANCES 


¥ 


Die castings can be produced to ex- 
tremely close tolerances through rigid 
production control used at all of Pre- 
cision’s nine plants. 


. Many parts are cast to such close 


tolerances that they can be used 
“as-cast.” 


. Precision’s close control of tolerance 


often results in the substantial reduc- 
tion or elimination of subsequent ma- 
chining operations. 


. Very often this close control of toler- 


ances reduces assembly time in your 
plant. 




















PRECISION 


Design & Engineering Service 


Caw hp you,/ 


REMEMBER 


a Precision can be most valuable when called 
in when the product is in design stage. 


2. Precision engineering and designs are rated 
among the highest by those who know. 


Precision’s help in designing or redesigning 
parts for die casting can result in substantial 
savings for YOU. 


Call a PRECISION Eugincer 
Today! 


PRECISION CASTINGS CO., Inc. 
212 Walnut St., Fayetteville, N. Y. 


Syracuse, N. Y. + Cleveland, O. «+ Chicago, Il. 
Kalamazoo, Mich. + Cortland, N. Y. 


ish Affiliation Wolverhampton Die Casting Co., Wolverhampton 





ts lelletate 
Engiandg 





picture of a 
"brain =cell” 


working — 


.. FRI-CLOVER 
MAGNETIC TRAP 


protects the ‘theart’’ of 
HYDRAULIC SYSTEMS! 


oe The unretouched photo above is a view of the “brain” 


inside a Tri-Clover Magnetic Trap after it has auto- 
matically removed metal particles caused by wear in a hy- 
draulic system in a large midwest metal-working plant. 

This streamlined stainless steel trap installed in the line 
protects the pump against damage—the “heart” of any hy- 
draulic system—removing harmful metal particles before 
they can start their destructive journey throughout the 
“arteries” of the entire system. 

In addition, the Tri-Clover Magnetic Trap eliminates 
excessive turbulence and blocking of the pump suction line 
—but will not remove the important chemical additives in 
the hydraulic fluid itself. 

Here, then, is positive, low cost protection against ex- 
cessive pump wear, damaged equipment, against costly 
down-time—plus additional savings in hydraulic fluids. 

Clip and mail the coupon today for full details about 
Tri-Clover Stainless Steel Magnetic Traps for use on hy- 
draulic systems. 


eee T 





There is no equal to the 
Tri-Clover Magnetic Trap 
for ease of cleaning and 
maintenance. With Trap 
body remaining in the line, 
you merely unsnap ring 
clamp, which releases mag- 
net for quick, easy clean- 
ing. Magnet and gasket 
ore easily replaced in trap, 
ready to again attract metal 
particles all around the 
wide diame‘er magnet face, 
as indicated in the draw- 
ing, above. 


LADISH CO., Tri-Cie~er Division 
Kenosha, Wisconsin 





Please send more information on Tri-Clover Magnetic Traps for service 
in hydraulic systems, 


LADISH CO, 
Tni-Clauer Division 


KENOSHA Z WISCONSIN 


THE Complete LINE 
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BRAUN GEAR COMPANY 


239 RICHMOND ST. - BROOKLYN &, N. Y. 


Tel. TAylor 7-4400 


CAPACITIES IN THE VARIOUS TYPES OF 
GEARS WHICH WE MANUFACTURE 


SPUR GEARS AND PINIONS 


From the smallest up te 96" Diameter 
Any pitch up to 1'/2 Diemetral 


INTERNAL GEARS 


Up to 4 Diametral Pitch, 28" Diameter 


SPIRAL and HELICAL GEARS 


From the smallest up to 72” Diameter 
Any pitch up to 2 Diametral 


BEVEL and MITRE GEARS 


Up to 24" Diameter, 1'/2 Diametral Pitch 


MOUS 
SILENT and ROLLER CHAIN SPROCKETS 
All types and widths up to 72" Diameter 


Soe oe 


fe? a) WORMS and WORM GEARS 
\<s/ Seatyun tear teaneter 
1¥2 Diemetral Pitch 


RACKS 


Straight and Spiral ¢ Generated for extreme accuracy 
3 Pitch, 3" Face, any length 
The above Gears can be supplied in any material, 


Cast Iron, Cast Steel, Forged and Alloy Steels, also 
Bronze, Bakelite, Fabroil. 


In addition to ovr production contains the most modern equip- 
quip , we intein a de- ment enabling us to effect econ- 
partment for Jobbing where spe- omies attractive to you. 
cial breakdown rush orders con 2 Your inspection is invited. 
be executed at short notice. Send us your inquiries for quo- 
tation. 

















More Information...with pleasure 


All advertisers in this issue will gladly give you 
all the additional information about their products 
you would like to have. Write to them . . . or to Man- 
ager, Reader Service, American Machinist, 330 W. 
42nd Street, New York 36. 














Materials 
A bibliography of '50-'53 AM articles 


Microstructures of Metals—ti, HI, 111, Jan 22, ‘51, 
p315—IV, V, Vi, Feb 5, ‘51, plé5 

Joint Report Proves Machinability Depends on 
Microstructure—Noy 27, ‘50, p09 

The Saga of Nickel in Machine Tools—June 11, 
‘51, pl56 

U. S. Air Force Machinability Report—Oct 1, ‘51, 
pl6é] 

Curtiss-Wright Boosts Output with Machinability 
Date—Nov 24, ‘52, p14! 

How Workpiece Structure Affects Tool Life—Nov 
12, ‘51, p38 

New P. Will Machine the ‘‘Unmachinable” 
—Mar 17, ‘52, p130 

Don’t Gamble in Selecting Tool Steels—Apr 17, 
50, pl02 

How To Work Tool G Die Steels—Oct 16, ‘50, 
pl45 Part 1; Dec 11, ‘50, pl47 Part Il 

Joint Report Machinability Data for High-Temper- 
ature Alloys—Dec 25, ‘50, p99 

Two Steels Make Westinghouse Plastic Molds— 
Jon 8, ‘51, pll2 

Work ond Tool Materials Hove Definite Properties 
—Sept 17, ‘51, p39 

US Air Force Machinobility Report 1951—Oct 1, 
‘S51, plél 

Physical Characteristics of Cast Alloys and Car- 
bides—Oct 15, ‘51, p130 

Glass-Plastics—Easily Worked—Save Time—Save 
Material—Oct 29, ‘51, pl06 

How Workpiece Structure Affects Tool Life—Nov 
12, ‘51, pl38 

Troubleshooting Phenolic Plastics—Nov 12, ‘51, 
pl44 

Ceramics Shield Stainless for Jets—July 21, °52, 
p99 

Why We Now Make Better Stainless Steel—Oct 
13, “52, pll9 

Re-Set-Pawl Tolerance Held by Powder Metallurgy 
—Oct 13, ’52, pl26 

What Constituents Affect Machinabiiity of Gray 
lrons—Oct 27, ‘52, pl22 

Sub-Zero Hand Tool Failure Suggests New Steels 
and Treatments—Noy 24, ‘52, p154 

How Oak Ridge Machines Beryllium—Dec 22, ‘52, 
p93 

How To Understand Plain Carbon Steel—Mar 30, 
53, pill 

These Are New High-Temperature Materials— 
Apr 13, ‘53, pl47 

How About Nylon for Wear Parts?—-June 8, ‘53, 
pi50 

How To Understand Brass—Oct 13, ‘52, p51 

Curtiss-Wright Boosts Output with Machinobility 
Data—Noy 24, ‘52, pl4! 

New High-Temperature Moterials—Apr 13, ‘53, 
pl47 

X-Ray Fluoroscopy Anaiyzes Alloys—Apr 27, ‘53, 
p32 





MANUFACTURERS’ 
FREE LITERATURE 


TUNGSTEN MOLYBDENUM — C Tennant 
Sons & Co of New York, 100 Park Ave, New 
York 17, NY. 17-page booklet gives physical prop- 
erties, chemical-reagent reactions, rod and wire 
specifications, electrical resistance, sheet toler- 
ances, and constants. 


SPINDLE BEARING MANUAL—United Mo- 
tors Service Div, General Motors, 8097 Decatur, 
Detroit 2, Mich. 33-page manual illustrates and 
details both dismounting and assembly of 10 
typical ball bearing supported spindles. Outlines 
principles involved in maintenance for doing high 
precision work. 


TAPPING SCREWS— Townsend Co, New 
Brighton, Pa. 8-page booklet gives detailed de- 
scription of seven types of screws which form 
their own threads as they enter various materials. 
Selection recommendation chart for various mate- 
rials. 
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TE HYDRAULIC CYLINDERS 


Prevent Scratch-Damage, . 
Nicks and Rust 











"Stock" Models for Immediate Delivery 
Added to Famous “Custom-Built" 

Rapidly expanding list of Miller “Stock” Cylinders 
for immediate, off-the-shelf delivery now includes 


thousands of different combinations of bore, stroke 
SOLID ST EEL HEA bY and models and covers both hydraulic and air cylin- 


CA PS a nd M 0 U N TIN hy | ders—cushioned and non-cushioned. 


Eliminate Breakage These are in addition to Miller “Custom-Built” Cylin- 
ders available on normal scheduled delivery in an 
almost infinite selection. 

“Stock” Boosters also available for immediate de- 
livery. 


Write for Complete Catalog and Stock List! 


DIRT WIPER SEALS Standard Leather Cup Seal As- 


Protect Rods, Seals, Bushings — sembly Shown Is Interchange- 
: | able With Miller Standard Piston 


Ring Piston Assembly 





MET J.1.€. HYDRAULIC 
STANDARDS years before 


WRITE FOR CYLINDER BULLETINS H-104 and A-105 . * . 
their adoption in 1949, 


Complete Miller cylinder line includes: air cylinders, 
1%" to 20” bores, 200 PSI operation; low pressure hy- 


draulic cylinders, 1/2” to 6” bores for 500 PSI opera- SPACE-SAVING SQUARE 


tion, 8” to 14” bores for 250 PSI; high pressure hydraulic ba A ‘ 
cylinders, 1%” to 12” bores, 2000-3000 PSI operation. DESIGN originated by Miller in 


All mounting styles available. 1945. 





MILLER FLUID POWER CO. 
SALES AND SERVICE FROM COAST TO COAST (Formerly MILLER MOTOR COMPANY) 


CLEVELAND * YOUNGSTOWN «+ DAYTON « PITTSBURGH « PHILADELPHIA « 
BOSTON « HARTFORD « NEW YORK CITY « BUFFALO « ST. PAUL * GRAND 2004 N. Hawthorne Ave., Melrose Park, Ill. 
RAPIDS » DETROIT « FLINT * FORT WAYNE » SOUTH BEND « INDIANAPOLIS 
e MILWAUKEE « LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES « 
SAN FRANCISCO « GALTIMORE « DENVER » ST. LOUIS « MOLINE « CHICAGO 
@ HOUSTON « TORONTO, CANADA and OTHER AREAS 

















AIR & HYDRAULIC CYLINDERS . BOOSTERS . Raat ete 


COUNTERBALANCE CYLINDERS ? 








STAR PERFORMERS in transmitting power for a lot of 
leading mechanical devices, are Small Gears by GS. 
Through 38 years of mass-producing extremely accurate 
Gearing, more and more critical manufacturers have 
come to us for the consistent quality and service they 
need. They know, with certainty, that specifying “G.S.” 
assures smoother, quieter, more dependable perform- 
ance and longer life for their products. 


If you, too, want Gearing that gives Star performance 

\ . . however simple or intricate the application may be.. 

( send the job io G.S.! Let our specialized staff work with 
\ 


you .. at the drawing board stage. Chances are they'll 
give you ideas and recommendations that will bring 


\ \ \ 
Specialties, Inc greater satisfaction to your customers . . more savings 
y a 


2635 WEST MEDILL AVENUE 


x 
Seam | CET G.S. TECHNICAL un te ! 


SPURS © SPIRALS ¢ HELICALS © BEVELS ¢ INTERNALS See where and how we mass-manufacture Small Gearing to 
WORM GEARING * RACKS © THREAD GRINDING uniformly fine tolerances. This attractively printed 8% x 11” 
6-page folder is punched for ring-binder use. You'll want to 
WORLD'S LARGEST EXCLUSIVE MANUFACTURERS keep it handy for frequent reference. It contains 23 pictures of 

OF FRACTIONAL HORSEPOWER GEARING Senet Sam, poees VOR, Ge WEE ae Dieneee ad Chats 








Pitch Tables. Ask for your copy on company stationery, please! 
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Important 
Developmenis 
in 
Machine Tool 
Clutches 


— PRODUCTION SCHEDULES and 
increased labor costs have manu- 
facturers seeking every means to re- 
duce overhead. With less downtime, 
one of the major goals of every fore- 
man and superintendent, the elimina- 
tion of clutch adjustments on machine 
tools becomes paramount. Twin Disc 
has long experience in providing in- 
dustry with the exact type of Indus- 
trial Drives required . . . both Friction 
and Fluid. Now, Twin Disc offers 
design engineers and machine tool 
manufacturers important new de- 
velopments in machine tool clutch 


design... 


The New Twin Disc Model 
MOS (single) and MOD 
(duplex) Oil-Actuated 
Multiple Plate Clutches 


This new line of Oil-Actuated Mul- 
tiple Plate Clutches offers machine 
tool designers many advantages never 
before available. The design is ex- 
tremely simple . . . incorporating an 
integral oil cylinder to clamp the 
plate stack. Model MOS and MOD 
Clutch design features that give new 
performance on the job are: 

e Consistently longer wear life .. . no 
mechanical controls to take up or 
adjust for wear. 

e No adjustment required to compen- 
sate for friction plate wear, since the 
floating or pressure plate is the ram 
of the cylinder. As the plate stacks 
wear, the ram travel increases 
automatically. 

e Torque capacity of the clutch is 
always a constant for any given oil 
pressure . . . no loss of torque value 
due to wear. 


Az Model MOD (Duplex) Oil-Actuated Muitiple Plate Clutch. Bs Model MTU (Duplex) Mechanicaily- 
Actuated Multiple Plate Clutch (Dry Operating). €s Model MTS (Single) Mechanically- 
Actuated Multiple Plate Clutch (Oil Operating). 


In addition, Model MOS-MOD 
Oil-Actuated Clutches give designers 
installation advantages. With con- 
stant torque capacity assured in the 
Model MOS and MOD Clutches, it is 
often possible to use a smaller clutch, 
permitting more compact installation. 
Where remote control is desired, the 
new MOS-MOD Clutches are readily 
adaptable without complicated actu- 
ating linkage. 

The Twin Disc Oil-Actuated 
Model MOS-MOD Clutch design is 
proving itself in a variety of machine 
tool applications . . . where continu- 
ous service with minimum mainte- 
nance is desired. Write to the factory 
at Racine for complete information 
on sizes and capacities. 


The Industry Standard ... 
Twin Disc Model MTU and 
MTS Mechanicelly-Actuated 
Multiple Plate Clutches 


For machine tool users not having 
fluid pressure in their plants, or for 
those who prefer mechanical actua- 
tion of machine tool clutches, the 
Twin Disc Models MTS (single) and 
MTU (duplex) are long-established, 
proven performance clutches for ma- 
chine tool installation. Important 
features provided by Twin Disc Me- 
chanically-Actuated Multiple Plate 
Clutches include: 

e High clamping efficiency is pro- 
vided, with comparatively low pres- 
sure on the clutch lever. 
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© High torque capacity with longer 
wear life. 

© Single-Point adjustment reduces 
maintenance time. 

Designed to operate in a minimum 
of space, Twin Disc Model MTS- 
MTU Multiple Plate Clutches permit 
clutch length to be kept to a mini- 
mum. They remain unaffected by 
centrifugal action, permitting high 
speeds of rotation. All parts are ma- 
chined to close tolerances. Operating 
parts are heat-treated for maximum 
strength and longer operating life. 

Twin Disc Model MTS (single) 
and MTU (duplex) Mechanically- 
Actuated Multiple Plate Clutches are 
available for either dry or oil opera- 
tion, in capacities from .47 to 44 hp 
per 100 rpm. Write Twin Disc Clutch 
Co. for Bulletin 134-B. 


Twili Disc 


IWIN 
56 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 
Hydraulic Division, Rockford, Illinois 
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IMPORTANT MILNE 


emal!l, medium and large. 
s the continent, Milne has 40 
saws cutting tool steel to your order, 
* whether it’s in pounds or tons. 
And wherever you are, a Milne man 
is near you. There are 38 Milne 
tool steel specialists strategically 
placed to help you with tool steel 
problems and expedite your order. 
Big or little, your order gets the 
maximum in Milne service. 


Wide range of sizes 

and grades in 

WATEP HARDENING— 
NON-DEFORMING— 
SHOCK-RESISTING—HOT 
WORK AND HIGH SPEED 
TOOL STEELS 


All full length Kolorkoted 
for permanent 
identification 


Write or call for Milne’s 
Tool Steel Selector. 











From the American Machinist Library 
of Tips for Top Shop Men 


UILD a good reputation in your community. 
Morale and efficiency usually are high in the 


plant that is known as “a good place to work.” 














MANUFACTURERS’ LITERATURE .. . ctd 


TRI-CLAD MOTORS — General Electric Co, 
Apparatus Dept, 1 River Rd, Schenectady 5, 
NY. Three bulletins illustrate and describe “55” 
line built in 1-30 hp ratings to latest NEMA di- 
mensions. 16-page booklet GEA-6013 covers drip- 
proof models; 8-page GEA-6012, enclosed motors; 
14-page GEA-6027, gear motors. 


ROLL-FORMED TUBING & MOULDING— 
Acme Tube, Inc, 212 Coit, Irvington 11, NJ. 
30-page catalog, a guide to selection, describes 
and illustrates roll-forming method; classifies 
each of basic types of tube, channel, angle, and 
moulding producible. Describes new Tight- 
Butted seam tube. 


HP-CAPACITY FOR TEXROPE V-BELT 
DRIVES—Aliis Chalmers Mfg Co, Milwaukee, 
Wis. 6-page bulletin 20B6956B gives information 
on new method of calculating. Provides means of 
determining ratings for both standard construc- 
tion and high capacity Texrope V-belts. 


MEEHANITE CASTINGS—Meehanite Metal 
Corp, New Rochelle, NY. 48-page bulletin 43, 
“Meehanite Castings for Pressure Tightness” 
has 64 illustrations of specific industrial appli- 
cations demanding absolute density, uniformity, 
and resistance to various pressure ranges. In- 
cludes engineering property charts and pressure 
casting design suggestions. 


BEARINGS—Kaydon Engrg Corp, Muskegon, 
Mich. 26-page catalog 54 describes Reali-Slim 
bearings with %-in. cross sections and '%-in. 
width up to 12 in. ID, and other listings up to 
l-in. cross-section, width up to 40 in. ID. 


HYDRAULIC OILS—Denison Engineering Co, 
1186 Dublin Rd, Columbus 16, Ohio. 16-page 
bulletin No. 45 discusses suitable hydraulic oils 
for company equipment and makes recommenda- 
tions for specific applications; gives operating 
advice. 


FREE CUTTING BRASS—Titan Metal Mfg 
Co, Sieg & Craig Sts, Bellefonte, Pa. 48-page 
booklet compares machinability with that of 
leaded steel. Pieces of both, and wear on cutting 
tools are compared. Charts, diagrams, and pho- 
tos, plus scientific data on production tests 
included. 


CLUTCH-COUPLING UNITS—Formsprag Co, 
23607 Hoover Rd, Van Dyke, Mich. 4-page 
brochure on new line provides dimensional data, 
service factors, and application engineering data 
necessary to specify correct unit. 


RELAYS—Potter & Bromfield, Princeton, Ind. 
84-page booklet is a compilation of all the papers 
given at the relay symposium, Oklahoma A&M 
College, recently. Papers cover various types, 
actions, functions, and theories connected with 
relays. 


POWER TRANSMITTERS—Diehi Mfg Co 
Somerville, NJ. 8-page bulletin announces type J 
fractional- and integral-horsepower transmitters 
for rapid stop-start action and control of ma- 
chines. Data sheet shows dimensions, prices, and 
capacities, and several illustrations are presented. 


SPEED REDUCERS — Philadelphia Gear 
Works, Erie Ave & G St, Philadelphia 34, Pa. 
16-page catalog P-53 describes improved Plan- 
etary in-line reduction units; standard ratios 
range frum 4.3 to 1, to 106 to 1. Construction 
details, diagrams, and selection tables. 


MOTOR PULLEYS—Reeves Pulley Co, Colum- 
bus, Ind. 28-page catalog shows complete line of 
redesigned motor pulleys for new NEMA 
frames, in eight sizes from % to 15 hp, and 
in speed ratios up to 4:1. 


WORM GEAR SPEED REDUCERS — Eber- 
hardt-Denver Co, 1407 W Colfax Ave, Denver 4, 
Col. 48-page catalog 1006 illustrates complete 
line, including new PoweRgear unit. Engineering 
data on selection, hp and torque calculations, 
and service factors. 


ELECTRICAL COMPONENTS—General Elec- 
tric Co, Plainville, Conn. 100-page bound cata- 
log 1025 shows circuit breakers, switches, and 
panelboard parts for engineering and purchasing 
purposes connected with original equipment in- 
stallations. Over 2500 parts numbers are listed 
with detailed drawings, prices, and descriptions 
on most. 
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LESS VIBRATION 


with Veelos—the Balanced V-belt 


Engineers have long known that there 
are four principal causes of machine 
vibration: 1. bearings; 2. motor; 3. 
clutch; 4. sheaves. Often overlooked 
is a fifth cause: v-belts. And, in many 
instances, v-belts alone are the major 
cause of vibration. 

There’s a logical reason for this. 

Regular v-belts have spots of varying 
density due to their construction. Nor- 
mally, these spots are not apparent, yet 
they throw the belt out of balance when 
the drive is operating. As a result, 
vibration is created that can damage 
bearings, shafts and, most important, 
the finished work. 

This is not true of Veelos v-belts. 

Veelos is absolutely uniform through- 
out its entire length. Every link and 


every stud is identical. The smooth, 
machine-cut sides and the lami- 
nated construction assure smooth, 
vibrationless power delivery. Veelos 


is perfectly balanced. 


In case after case, installation of Veelos 
v-belts has reduced machine vibration 
20% to 90%. 


Proof that Veelos will reduce vibra- 
tion can easily be demonstrated with 
an electronic vibration analyser. This 
analyser measures amplitude of vibra- 
tion to as low as 2-millionths of an inch. 


Fifteen minutes of your time is all 
that is required to show you with the 
electronic analyser that Veelos creates 
less machine vibration. Drop us a line 
or clip the coupon for a demonstration. 


| CE AaRpenOner 2 ope » peste Repel agente napa mec mas: Sy eager fo Sm RR oie nie amb 


ADJUST 


Veelos is known as Veelink outside the United States. 


Manheim Manufacturing & Belting Company 
250 Manbel St., Manheim, Pa. 


Yes, | would like a demonstration. Have your 


representative call me for a convenient time. 


Company 
Address 


ABLE TO ANY LENGTH + ADAPTABLE TO ANY DRIVE 


2acv 
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The Properties 
of Straits Tin 


No other metal combines all the properties of 
Straits Tin. No other metal can do so many 
different kinds of jobs so economically and 
so well. 


Because it is corrosion-resistant, nontoxic and 
tasteless, tin is a perfect metal for the packaging 
of food. Today more than 400 different food 
products come in tin cans. Currently, more than 
half of the tin for these cans is Straits Tin 
from Malaya. 


Because it wets metals readily, flows easily, 
adheres firmly, and has a relatively low melting 
point (450°F.), tin is the key component of sol- 
der. And tin-rich solders are the best and most 
efficient means for making corrosion-resistant, 
impermeable, electrically conductive joints at 
low temperatures. 


A unique combination of properties makes 
Straits Tin a particularly useful component of 
bronzes. Tin hardens and strengthens copper 
twice as effectively as zinc, and provides much 
better resistance to Corrosion. 

Because of its antifriction qualities, resistance 
to corrosion, conformability, and good em- 
bedding characteristics, tin is invaluable in 
bearing metals. Without tin-base or tin alloy 


MALAYAN 


bearings, the wheels of industry could not turn 
so smoothly and efficiently. 


And Straits Tin is not only one of our most 
useful metals. It is now fast becoming one of 
our most valued chemicals. Tin in chemical 
compounds — stabilizers, opacifiers, antioxi- 
dants, preservatives — is contributing greatly 
in the competitive race for improvement in 
products from plastics and the new chlorinated 
rubber paints to ceramics, sensitized paper — 
now even jute bags. 


Take a New Look at Straits Tin 


Over one-third of the world’s tin is mined and 
smelted in Malaya. Known as Straits Tin, this 
metal is over 99.87% pure, and is world-famous 
for its absolute reliability of grade. 


Today new uses for Straits Tin are making 
it more valuable than ever to American indus- 
try. And continuing research will, in the near 
future, find still more ways in which Straits Tin 
can serve you. Whether you're planning a new 
product, improving an old one, or seeking ways 
to avoid the squeeze between rising costs and 
resistance to higher product prices, a careful 
reappraisal of the properties of Straits Tin may 
uncover a’ profitable answer to your problem. 





A new booklet, “Straits Tin: A Most Useful Metal for Ameri- 


can Industry,” tells a factual and intriguing story of the many 
new ways tin can be used today. A copy is yours for the asking. 


THE MALAYAN TIN BUREAU 


Dept. 5, 1028 Connecticut Ave., Washington 6, D. C. 


1955 





Design with- 9)f Al 
re “FLUID POWER PACKED CONTROLS 
1500 pai 


OIL HYDRAULIC 
PUMPS- MOTORS 
heavy duty cylinders 
rod plunger construction—capacity 
up to 2% tons, sleeve plunger con- 


struction—capacity to 24 tons Ad 5 sizes - 50 to 100 g.p.m. 
five types of mountings available Motors— 5 sizes - 18 to 35 h.p. 


Co 5 sizes - 12 to 42 g.p.m. 
hcedadbenhining heavy duty cylinders Motors— 5 sizes - 6 to 16 h.p. 
capacity push stroke 1% to 28 tons 


capacity pull stroke 1 to 25 tons |D + series | |D + series | 

six types of mountings available 
Pumps— 4 sizes - 12 to 30 g.p.m 
Motors—5 sizes -.6 to 16 h.p. 


heavy duty cylinders (tin! sizes - 2 to 9 g.p.m 
multiple sleeve construction—low Motors—2 sizes - 2 to 4 h.p. 
shut height with stroke up to 84” 
plain or pineye mountings—capa- 
city push stroke up to 18 tons 


porting 


, he ie A 


VALVES 
PISTON ROD FITTIR GS | 3/4" tenders | any type section furnished in 


any combination of sections 





any type section furnished in 
any combination of sections 
| var unit | any type control or spool | 
action as required | 
pineye base foot 


ain. 
CYLINDER MOUNRTINGS doable with oat poston zara a 
valves can be furnished with or without built-in relief valve 


—_— THE COMMERCIAL SHEARING AND STAMPING COMPANY 
i YOUNGSTOWN 1, OHIO . CHICAGO, ILLINOIS . SALT LAKE CITY, UTAH 
“COMMERCIAL 


“PRODUCTS PREFERRED PUMPS — MOTORS’ - .- CYLINDERS VALVES 


BY CUSTOMER ACCEPTANCE” 





° Bevel ° 
* Spur ° 
° Helical ° 


GEARS 


ALL PURPOSE Quality GEARS 


Stahl Gear and Machine Company specializes in ali types of gears for all kinds 
of machinery over a long period of time—and is equipped with a full range 


of modern gear cutting equipment. 


Whether you require bevels and spurs for a reeling machine or bronze helicals 
for a 60 inch hot-strip mill, as shown above, they are available at Stahl Gear 
and Machine Co. We also furnish gears and pinions for the Auto Parts 


Industry in various sizes and types. 


IMustrated at the left is a two-ton gear 
and pinion set of heavy-duty gears for 
use on forging equipment. All Stahl 
gears are made to exact specifications, 
superbly machined and _ delivered 
promptly. 


Consult Stahl on your gear 
requirements. 





SPURS TO 72” PD, 1 DP 
BEVELS TO 54” PD, 1 DP 
SPIRAL, HELICAL and WORM GEARS 
TO 48” PD, 2 DP 
CONTINUOUS-TOOTH HERRINGBONE 
TO 6&0” PD, 2 DP 


SPROCKETS TO 72” PD, 2/2” CP 
RACKS TO 20 FT. LONG, 3 DP 


SILENT GEARS; 
RAWHIDE, BAKELITE, FIBROIL 


HEAT-TREATED, CASE OR FLAME 
HARDENED GEARS — 
OF CARBON OR ALLOY STEEL 





GEAR & MACHINE COMPANY 


3901 Hamilton Ave. 


Cleveland 14, Ohio 











From the American Machinist Library 
of Tips for Top Shop Men 


off when they go out to the machine is one of today’s 
most expensive notions. Unless control is exercised in use 
as well as in stocking, the machine, method or man that 
breaks or ruins an excessive number of tools is never spotted. 
In one test, ratio of tool use on two machines of the same type 
on the same job was | to 7. 


§ ar common belief that “perishable tools” are written 











MANUFACTURERS’ LITERATURE . . . ctd. 


MECHANICAL CONTROLS, LINKAGES & 
MECHANISMS—tTeleflex Inc, Dept Y, 125 S 
Main St, North Wales, Pa. 16-page Bulletin 500 
illustrates and describes system with ability to 
transfer accurately linear or rotary motion over 
a devious path without intermediate links or 
pulleys. Applications, schematic drawings, lay- 
out procedures included. 


CYLINDERS—AMitller Fluid Power Co, 2040 N 
Hawthorne Ave, Melrose Park, Ill. Compact 
price list covers stock line of 540 individual 
cylinders in interchangeable mountings, includ- 
ing air units from 2 through 8-in. bores, hydraulic 
from 1% through 4-in. bores, and cushioned and 
noncushioned types. Strokes range from 2 through 
13 in. 


TOGGLE SWITCHES — Micro Switch Div, 
Minneapolis-Honeywell Regulator Co, Freeport, 
Til. 12-page catalog 73A covers 19 precision snap- 
action toggle assemblies and over 90 AN and JAN 
approved designs, including assemblies to control 
from 1 to 24 separate electrical circuits. Includes 
dimensions, operating characteristics, electrical 
ratings, and contact arrangements. 


SPEED DRIVE CONTROLS—Reeves Pulley 
Co, Columbus, Ind. 24-page booklet G-537 on 
automatic production control illustrates and de- 
scribes complete line. Includes means of solving 
problems involving control of tension, accelera- 
tion, deceleration, velocity, and peripheral speed, 
synchronization of one or more machines, main- 
taining of uniform temperature, pressure, liquid 
level, and flow. 


HYDRAULIC VALVES — Hydraulic Power 
Div, Hydraulic Press Mfg Co, 830 Marion Rd, 
Mount Gilead, Ohio. 3500 basic models listed in 
new line of directional and functional valves, 
each available with optional body styles, types of 
control, methods of operating, and other fea- 
tures for universal application. Catalog 801 cov- 
ers 2000 psi units with sub-plate connections; 821, 
3000 psi with flange connections; 841, 3000 psi 
sub-plate valves. 


ELECTRIC ACTUATORS—AiResearch Manu- 
facturing Co, 9851 Sepulveda Blvd, Los Angeles 
45, Calif. 64-page catalog outlines applications 
and specifications of 20 basic types of linear and 
rotary actuators. Includes charts and engineering 
drawings. 


UNALLOYED TITANIUM — Mallory-Sharon 
Titanium Corp, Niles, Ohio. 4-page booklet gives 
properties of commercially pure Grade III. Con- 
tains recommended techniques for fabricating 
and forming titanium sheet. 


AIR VALVES—Mechanical Air Controls, 261 
Broadway, Detroit 37, Mich. 4-page bulletin illus- 
trates 35 varieties for control of single and double 
acting and allied applications. 


HYDRAULIC CYLiINDERS—Petch Manufac- 
turing Co, 36100 Harper Ave, Detroit 2, Mich. 
32-page loose-leaf catalog contains specifications 
and engineering data on air and both high and 
low pressure cylinders. 


BERYLLIUM COPPER STRIP—Penn Preci- 
sion Products, Inc, 501 Crescent Ave, Reading, 
Pa. 8-page bulletin No 1 contains complete data 
for specifying precision strip. Discussion of avail- 
able alloys, conditions and tempers is included, 
with tables covering available sizes and properties. 


FLUID CONTROLS—Barksdale Valves, 5125 
Alcoa Ave, Los Angeles 58. 32-page data book on 
hydraulic and pneumatic controls shows valves 
and pressure switches in selection charts for 
engineering use. 


STEEL SCREWS—Mac-it Screw Div, Strong, 
Carlisle & Hammond Co, 1392 W 3rd St, Cleve- 
land, Ohio. 36-page catalog 50 contains an illus- 
trated index, complete data on physical character- 
istics, charts for sizes and list prices. 


HEAVY-DUTY AIR COMPRESSORS — Joy 
Mfg Co, Oliver Bidg, Pittsburgh, Pa. 36-page 
bulletin A-72 on Series 100, Class WN-114 units, 
contains complete data on construction and op- 
eration. Seven models illustrated as single unit 
for displacement capacities from 1186 to 1948 
cfm, as well as twin units which furnish up to 
3896 cfm. Available with flange-mounted, V-belt, 
or direct connected drive. 
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PROVIDES 
MODERN 


AUTOMATION 


Above: A typical Lehigh AIR 
MOTOR, electrically controlled. 
Combines a Lehigh AiR CYLIN- 
DER and a Lehigh AIR VALVE. 


ee -EXPERIENCED ENGINEERING 
e+e PRECISION-BUILT EQUIPMENT 


For more than a decade, Lehigh air control 

, engineers have cooperated with major 

Single and double acting manufacturers of production tools ...have applied 
AIR VALVES practical “Air-Magination” to achieve faster operating 
Air or electrically controlled, cir cycles, eliminate hand operations, improve 
peers . accuracy, reduce fatigue and in general, 


THREE OR FOUR-WAY VALVES improve production. This universal and 


Combination air gauge, lubricator, - : 
pressure regulator and strainer valuable experience is yours to command in 


AIR CONTROL PANEL UNITS any problem of automation. Your inquiry is invited. 


For machine tools, special tooling 
and devices 

AIR MOTORS 

For converting manually opera 

machines to automatic operation 


Catalogs and data sheets on request. 


bu 
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STOCK GEARS 


(Fi) 
tu the aoe! 

















Make a comparison test. . . 
Grant stock gears against those 
you now use. You'll find Grant 
Gears more accurate, uniformly 
the same, whether you use two 
or two hundred. 

This better quality starts with 
top-grade gear blanks, cut and 
machined by workmen skilled 
in precision gear making; fol- 
lowed by rigid inspection for 
concentricity, hole size and fin- 
ish. Result: Every gear has the 
extra quality that means trov- 
ble-free service for your ma- 
chinery. 

Grant stock gears are available in a wide 
variety of sizes and materials, ready for imme- 
diate delivery. 





STOCK GEARS 
SPECIAL GEARS 


SPECIAL REDUCERS 


The full Grant line is described in the new catalog recently 
issued. Write for your copy today! 








IT 
TAKES 
44) ‘two 


DISPLAY ADVERTISING 


© AROUSES INTEREST 
© CREATES PREFERENCE 


DIRECT MAIL 


® GETS PERSONAL ATTENTION 
® TRIGGERS ACTION 


After your prospect has been convinced 
by DISPLAY ADVERTISING, he still must take 
one giant step. He must act. A personal- 
ized mailing piece direct to his desk, in 
conjunction with a display campaign, is 
a powerful action getter. 


McGraw-Hill has a Direct Mail Division 
ready to serve you with over 150 spe- 
cialized lists in the Industrial field. 


To get your copy of our free iNDUSTRIAL 
DIRECT MAIL CATALOGUE (1954) containing 
complete, detailed information about 
our services, fill in the coupon below 
and mail it to McGraw-Hill. 


Do it now! The best advertising programs 
are planned well in advance. 


Direct Mail Division, 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd St., N. Y. 36, N.Y. 


Please forward my free copy of the McGraw- 
Hill “Industrial Direct Mail Catalogue.” 


Nome 








Address 
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SEAMLESS AND WELDED 














AIRCRAFT 


TYPES: Seamless—hot-finished, cold-drawn, or roto-rocked 
Welded—from hot-rolled or cold-rolled strip 


SHAPES: Round, square, rectangular, oval, or other shapes 


GRADES: Stainless Steels—B&W Croloys 12 to 27 
Intermediate Chrome Molybdenum Alloys—B&W Croloys 1/ to 9 
SAE-AISI Alloys and Nitralloy Steels 
Nickel Steels—B&W Nicloys 314, 5, and 9 
Carbon Molybdenum Steels—in various grades 
Carbon Steels—in various grades 


SIZE RANGE: Up to 95% inches outside diameter in a wide range of wall thicknesses. 
SURFACE FINISHES: As rolled, as drawn, as welded, flash removed, turned, scale-free 
and polished 
SPECIFICATIONS: Made to any of the standard specifications such as those of the 
ASTM and U. S. Government. 


QUALITY: Open-hearth and electric-furnace steels, including aircraft and magnaflux 
qualities. 


CONDITION: Unannealed, annealed, tempered, normalized, or otherwise heat-treated 
as required. 
FABRICATION: Upsetting, swaging, expanding, bending, safe-ending, and machining. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.—Seamiess Tubing; Welded Stainiess Stee! Tubing 
TA-4064(G) Alliance, Ohio—Welded Carbon Steel Tubing 
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MANUFACTURERS’ LITERATURE .. . ctd 


W th ° 4 MERCURY pascal Br eh ony ar Div, 

if aan” Minneapolis-Honeywell Regulator Co, Freeport, 
e rive on gage: Ill. 12-page catalog 90 covers standard designs 
of switches for use in ac or de applications pro- 
viding low force and tilt motion. Dimensions, de- 


tough gear problems scription, electrical rating, differential angle, 
‘ lead wires and application types. 


CHAIN DRIVE—Ramsey Chain Co, 5150 Bway, 
Albany, NY. 19-page catalog 154 contains data 
More and more gear users rely on The on operating characteristics and service factors 
inci ; H : of pre-selected drives. Ordering information, lu- 
Cincinnati Gear Company for their special Miter Gears brication, installation, and. maintenance included. 


ear needs, becquse they've found that we for Aircraft ; 
. th “kn how" Y doce hau i} Landing Gear SOCKETS—Apex Machine & Tool Co, 1026 § 
ave the know-how to produce the right gears Paterson Blvd, Dayton 2. 6-page bulletin 29-A 
for their toughest requirements every time! And this lists extra large impact sockets, extensions, 
ae Fig Hl | SPUR adapters, and Morse taper conversion sockets. 
know-how” is backed up by the most modern pro- Data sheet OP covers precision retaining pins 
duction equipment, complete heat treating facilities, |) WORM and O-rings for use on the improved socket line. 
one of the largest shave cutter stocks, electronic in- | INTERNAL HIGH-SPEED TOOL STEELS — Bethlehem 
spection when required everything our expert : Pacific Coast Steel Corp, Seattle, Wash. 31-page 


SPIRAL BEVEL “illustrated booklet describes 66HS, HM, M-10, 
craftsmen need to produce top-quality custom gears | Special HS, and Comokut tool steels. 
consistently, economically. my CHELICAL OILITE BRONZE BEARINGS—Amplex Oilite 

Products, Detroit 31, Mich. 25-page bulletin S-53 
HERRINGBONE covers heavy-duty, oil-cushioned, self-lubricating 


bearings. Lists more than 700 Standard bearings, 
*CONIFLEX BEVEL cores, bars, and plates. 


SPLINE SHAFT SILICON CARBIDE—Carborundum Co, Niag- 
ara Falls, NY. 52-page brochure treats of prop- 
erties as related to applications such as resistors, 
electric heating elements, catalyst carriers, as well 
as abrasive applications. Manufacturing tech- 
niques and bibliography included. 


MOTORS—Brook Motor Corp, 3557 W Peter- 
son Rd, Chicago 45, Ill. 6-page illustrated folder, 
describes line of 1 to 50-hp ac units, single phase 
capacitor and polyphase squirrel cage. Includes 
selection guide charting electrical and mechanical 
features of standard and special motors. 


SWITCHES—Micro Switch Div, Minneapolis- 
THE CINCINNATI GEAR CO. + ciINcINNaTi 27, OHIO Honampes Regulater Ce, Pusapert, 18. Tegaas 
catalog 101 covers 22 families of switches, de 
scribing 258 different switches, actuators and 
enclosures. Provides characteristics, ratings. 





FLOW METERS—Minneapolis-Honeywell Reg- 
ulator Co, 4459 Wayne Ave, Philadelphia 44. 
. 58-page catalog 2320 presents uses, applications, 
theory, specifications, and connections for flow 
* : meters for indicating, recording, integrating, 
fa ; and controlling. 

; HYDRAULIC OILS—The Denison Engrg Co, 
inate ? 1186 Dublin Rd, Columbus, Ohio. 15-page illus- 
~ ‘ trated booklet 45 presents all facts on oils for 

. ~~ . Denison equipment, and selection data for each 
s i ~ operation. Affecting factors, procedure, and 
in “ia operating notes included. 


. ™ NICKELOID METALS—American Nickeloid 

All types and sizes of screws Co, 1503 2nd St, Peru, Ind. 24-page booklet gives 

(hex head, Phillips, slotted, yy : data on fabrication techniques, uses and proper- 
ties. Standard production techniques described. 


socket), bolts, nuts, wash- 
: : \ HYDRAULIC CYLINDERS—Hydro Line Mfg 
ers, rivets, keys and pins Co, 5742 Pike Rd, Rockford, Ill. 8-page catalog 
, 53 provides description of new Series J; in- 
cludes new idea in cylinder design. Mountings, 
tables of bore sizes, rod, body, and mounting 
dimensions covering most requirements included. 


GALVANITE STEEL — Sharon Steel Corp., 
Sharon, Pa. 11-page booklet describes hot-dipped, 
zine-coated strip steel with high resistance to 
corrosion and rust. 


STAINLESS STEEL—Armco Steel Corp, 4652 
Over 9000 items in stock meons Curtis St, Middletown, Ohio. 4-page folder lists 
immediate delivery from one source available literature, including 44-page general 

@ New Gorden City plant now oper- catalog; booklets and handbooks on a wide variety 
ating at top speed and quolity of processes and operations. 

@ Unsurpassed facilities for quantity 
fabrication of specials 


FASTENERS — Southco Div, South Chester 
Corp, 1406 Finance Bldg, Philadelphia 2, Pa. 24 
page illustrated catalog B2 describes seven types 
with tables of dimensions and size. 


® A stoff of seasoned engineers al- 
ways available for consultation 
@ Pioneers in the monufacture of 
stainless steel fasteners STAINLESS STEEL SELECTOR CHART— 
a OF Crucible Steel Co of America, Henry W Oliver 
Bldg, Pittsburgh 30, Pa. Indicates which type 
should be used for about 95% of operations. 
Front contains comparison of physical and me- 
chanical properties, and elevated temperature 


SCREW PRODUCTS COMPANY, INC. properties; reverse gives a large number of stain- 
GARDEN CITY NEW YORK less characteristics. 
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OILITE 
BEARINGS 














© Highest Factor of Safety © Every Applicaton Engineered 
® No Inert Substances and No Graphite e More Than 4,000 Engineers 


Made of 100% Virgin Materials e Field Engineers for On-the-Spot Service 


® More Than 25 Years’ Experience Depots Throughout U.S.A. and Canada 
Developed World’s First Heavy-Duty, 
Self-Lubricating Bearings © Continuous Research and Development 


Only Amplex makes OM Te 


»” 
re 


In Finished Machine 
PARTS, too . 


Chrysler originated the art of die- 
pressing metal powders into precision 
Finished Machine Parts. This process 
eliminates upwards of 36 machining 
operations and effects SAVINGS 
ranging from 35% up to 96% over 
conventionally produced parts. 
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Get better acquainted with OILITE Products. | 5 NE ORR. 
Let us mail you our Bulletin S-53. ae oO dl | i a in 
. peapamioes we | 
CHRYSLER TRAPPED ve 
Q Z 
CORPORATION = 
‘ “KZ Yl 
AMPLEX DIVISION bie Vv 
Dept. SA Detroit 31, Michigan fm Om Solf-Lubrieat “ee 







New Freedom of Design is permitted 
by use of OILITE Finished Machine 
Parts and they are available in many 
ferrous and non-ferrous materials. 


Sizes range from Ys" to over 20” in 
diameter. Huge production facilities 
assure fast delivery—normally 1 to 4 
weeks. 


of Non-Ferrous and Ferrous Metals and Alloys. 





v4 3 
OILITE PRODUCTS include: Bearings, Finished Machine Ports, ARIN GS 
Cored and Solid Bars, Permanent Filters and Special Units ‘ yt ~a ’ 

{ 
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~ SPECIEY 


| SPEED REDUCERS 


ee all types, 
horsepowers 
Herringbone and ratios 


Helical 

Spiral Bevel 

Worm 

Planetary 

Change Speed Units 
High Speed Units 


Speed Increasers sizes and 
GearMotoRs 2 
materials 


MotoReduceRs 


Floating GearMotoRs Sper 


Spur Internal 
Helical 

Helical Internal 
Established over 62 years ago, as one of the pioneer Industrial Herringbone 
Gear Makers, "Phillie Gear” today offers the complete facilities Worm 

of two large modern gear plants, manned by Geor Craftsmen Spiral-Bevel 
and managed by Experienced Personnel. These Plants are ready Hypoid 

and anxious to give you complete Engineering Service, Quick Zerol 

Delivery and Highest Quality Gears and Speed Reducing Units. Coniflex Bevel 


Rack 
For Dependability, Quality, Courtesy and Economy, you can ecai 
always be safe by specifying “Phillie Gear.” 


Sprockets 
CATALOGS are available on all “Phillie Gear” Products listed 
on this page. 





PHILADELPHIA GEAR WORKS, INC. 4 | ae, Pa Gens & peed Rte 


ERIE AVE. AND G ST., PHILADELPHIA 34, PA. . LimiTorque Valve Controls 
NEW YORK « PITTSBURGH « CHICAGO + HOUSTON + LYNCHBURG, VA ‘ 
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Brass and Bronze Free-Cutting Rods 





Furnished in all sizes 
from Ve" for small- 
diameter rods up to 


10% for cast and 
turned rounds. The 
most easily-machined 
of all metals and 
alloys. 


Squares, hexagons, 


half rounds, half ovals, 
and special shapes. 
Extruded-only rec- 
tangles furnished up 
to 5Y2” maximum di- 
agonal. Extruded, 
drawn, machine- 
straightened hexagons 
up to 4”, rectangles 
up to 34%” maximum 
diagonal. 





Brass and Bronze Forgings 


®» 


From Y% oz. to 100 Ibs. in weight. Produced to meet requirements 
of uniform dimensions, finish and physical properties. 





Brass Pressure Die Castings 


Awe 


Parts having thin sections and intricate cored parts readily pro- 
duced. Titan die castings have better finish, stronger structure and 
greater accuracy than sand castings. 





mol, Brass and Bronze Products 


Titan brass and bronze 





products ore supplied in 
analyses to meet every 
requirement. Write for 


descriptive catalogs. 


Titan 


METAL MANUFACTURING COMPANY 


Bellefonte, Pa. Offices and Agencies in Principal Cities 


Bronze Welding Rods 


Eight different types 
meet all requirements. 
Titan's exclusive 
Double Deoxidation 
process assures ductile, 
high-strength, non- 
porous welds with the 





oxyacetylene torch, 





Brass Cold Heading Wire 


Brass wire for manu- 
facture of rivets, bolts, 


screws, fasteners, etc. 














Ball or Roller 
Bearing Flange Units 


Rod Ends — 
Male or Female 


Unibal 
Spherical Bearings 


Pillow Blocks — 
Ball or Roller Bearing 


Self-aligning 
Flanged Ball Bearing 


EP esi 





Wherever motion is to be transmitted at varying 
angles, the Heim Unibal Spherical Bearing easily handles 
any operating misalignment and actually improves design 
as well as operation. 

The Unibal principle is the universal movement of a 
single ball revolving in a bronze bearing socket. The ball 
is bored and honed to standard diameters to accept the 
shaft or stud. 

Made in a wide range of sizes, Heim Unibal Bearings 
are stocked from coast to coast, and are invariably more 
economical than specially made parts. 

Our new, complete catalog is now ready. Please write. 


ree EE MA company 


FAIRFIELD, CONNECTICUT 


Other Heim Products: Flanged Roller Bearings @ Self-aligning Flanged Ball 
Bearings @ Pillow Blocks, roller bearing @ Pillow Blocks, self-aligning ball bear- 
ing @ Flange Units, roller bearing @ Flange Units, self-aligning ball bearing 





FRASSE - REYNOLDS 


: NOW — Frasse, as distributor for the Reynolds Metals Company, can 
furnish your aluminum requirements direct from warehouse stock. 

Aluminum rods, bars, wire, sheets, plates, tubing and extruded 
shapes in a complete range of sizes and a wide variety of grades can now be supplied by 
Frasse . . . quickly and efficiently. 

The same dependable service and technical assistance you have 
used in the past for carbon, alloy and stainless steels and tubing are available when your 


need is aluminum. 


We will welcome the opportunity to be of service. 


Peter A. FRASSE & Co., Inc. 


New York 13, N. Y. Philadelphia 29, Pa. Buffalo 7, N. Y. Syracuse 1,N.Y. Hartford 1, Conn. 
17 Grand Street 3911 Wissahickon Ave. P. O. Box K, Station B. P. O. Box 1267 P. O. Box 1949 
WaAlker 5-2200 BAidwin 9-9900 BEdford 4700 SYracuse 73-5241 CHapel 6-8835 


LYNDHURST * ROCHESTER ° BALTIMORE 
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the American Machinist Library 
of Tips for Top Shop Men 


F you have worked with your hands, your normal 
tendency in a crisis will be to work with your 


hands again. There are times when this will impress 
the men who work for you, do much to knock down 
any idea that you’re an incompetent stuffed shirt. But 
never forget that you’re paid now for working with 
your head, and that headwork demands more perspec- 
tive than handwork is likely to give you. Also remem- 
ber the thrill you got out of achievement and give the 
next generation the same chance to grow. 











MANUFACTURERS’ FREE LITERATURE, ctd 


LIQUID-LEVEL & AIR-FLOW DETECTOR 
—-Fenwal, Inc, 210 Pleasant St, Ashland, Mass. 
16-page illustrated booklet describes Detect-A- 
Flo. unit. Application data, operation principle. 
specifications, electrical characteristics of device 
under various conditions of use included. 


BRONZES—International Nickel Co, 67 Wah 
St, New York 5, NY. 12-page bulletin A107-8 
provides tables, charts, illustrations and data on 
line of low-shrinkage, heat-treatable bronzes for 
machine component pressure and bearings cast- 
ings that develop excellent mechanical proper- 
ties in the “as cast’’ condition. Typical compo- 
sitions and applications given. 


GEARMOTORS—Westinghouse Electric Corp, 
Box 868, 401 Liberty Ave, Pittsburgh 30, Pa. 
15-page booklet B-5645 describes Life-Line mod- 
els. Gear ratios for single, double, and triple 
reduction types given. Gearmotor designs devel- 
oped especially for specific requirements de- 
scribed. 


METAL HOSE—Flexonics Corp, 1351 S 3rd 
Ave, Maywood, Ili, 32-page illustrated catalog 
130R covers full line of Flexon hose, including 
new Rex-Flex heavy-duty stainless steel. Coupling 
types and installation data provided 


FLUID POWER EQUIPMENT—Oilgear Co, 
71 W Pierce St, Milwewkee 4, Wis. 12-page 
bulletin 10051-C illustrates and describes line of 
pumps, motors, transmissions, . cylinders, and 
valves. 


STRIP METALS—American Silver Co, Indus- 
trial Div, 3607 Prince, Flushing 54, NY. 6-page 
illustrated brochure describes source for wide 
variety of thin gage, close tolerance, ferrous, 
non-ferrous, and precious strip metals. Includes 
list of thickness tolerances held on beryllium cop- 
per strip gages. 


ALLOY STEEL SCREWS—Strong, Carlisle & 
Hammond Co, 1392 W 3rd St, Mac-It Screw Div, 
Cleveland 13, Ohio. 17-page technical folder il- 
lustrates and describes line, with suggested appli- 
cations. 


DIAPHRAGM MOTOR VALVES—Minneapo- 
lis-Honeywell Regulator Co, 4459 Wayne Ave, 
Philadelphia 44, Pa. 12-page bulletin 362 de- 
scribes low-cost line for on-off or narrow band 
proportional control. Specifications given for 
type 26 single seated and type 27 Bellows sealed 
valves. 


ADHESIVES, COATINGS, SEALERS—Min- 
nesota Mining & Mfg Co, 411 Piquebbe Ave, 
Detroit, Mich. Pocket-size booklet contains list 
of 3M materials that meet Military, Army, Navy, 
and Federal specifications. Short description of 
end use is listed with each specification. 


HYDRAULIC VALVES — Rivett Lathe & 
Grinder, Inc, 20 Riverview Rd, Brighton 35, 
Boston, Mass. Catalog 260 illustrates data on line 
of sub-plate mounted, solenoid-operated units. 
JIC diagrams show flow operations for each of 
the 14 piston designs in which valve is offered. 


TITANIUM TUBING—Superior Tube Co, 2012 
Germantown Ave, Norristown, Pa. 8-page bulle- 
tin 42 presents properties, applications, advan 
tages. Tube sizes of seamless and Weldrawn ti- 
tanium listed; processing and fabricating charac 
teristics discussed. 


MOTOR SELECTOR — Reliance Electric & 
Engrg Ce, 1080 Ivanhoe Rd, Cleveland 10, Ohio. 
12-page bulletin B-2102 on squirrel cage induc- 
tion units for applications ranging from 1 to 200 
hp lists performance characteristics, construc- 
tion features, dimensions, prices. 


STAINLESS ALLOYS—Cooper Alloy Foundry 
Co, Bloy & Ramsey Aves, Hillside, NJ. Booklet 
consists of eleven reference fom seni. maior 
alloys; gives 1 

and physical properties, corrosion wniihanse, ma- 
chinability, heat treatment and weldability. 





COPPER-BASE CASTINGS—Pressco Casting 
& Mfg Corp, Chesterton, Ind. 32-page catalog 
lists and illustrates die castings, permanent-mold 
castings, semi-permanent-mold castings, and cen- 
trifugal castings of copper-base alloys. Features 
of various parts are shown to illustrate advan- 
tages of the process used in each case. 
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SPECIAL RIVETS 
Let us quote you on your special rivet requirements. A spe- 


What is COLD HEADING? peudhly ingonde Set eenli Ot te eseomiy, and’ lose 


your parts and assembly cost. 





Sometimes it’s called cold forging. Cold 
Heading is a method of producing special 
forms from coiled wire. These forms may 


ST | —=~_ 
Cae ————__| 
be rivets, studs, hinge pins, screw blanks, = MN 
and other shapes and forms requiring qual- LI] 
Pp sey g 


ity, strength and economy. 


Advantages of COLD HEADING rn 
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a 
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SPECIAL THREADED PARTS 


The accompanying illustrations show types of special 

_ threaded parts Hassall has made to order, Often new de- 
2. Better structural strength of finished signs or added features are suggested by Hassall to im- 
part prove the function of threaded parts or to lower cost. 
We suggest that you write us regarding your particular 


3. High speed production problem. We may be able to help you. 


1. Lower cost of raw material 








4. No scrap loss 





HELPFUL 
INFORMATION 


1. Large decimal equivalent 
wall chart 


2. Our big catalog 


Either one or both are yours SPECIAL NAILS 


for the asking. A nail specifically designed for your needs is sound econ- 
omy if its use improves your product. Special heads, points, 
collars, diameters, barbing, threading, metals and finishes 
may make a nail do a better job in your assembly. Send a 


description or sketch. We will gladly send our quotations 
JOHN HASSALL, INC. or recommendations promptly. 


We are, of course, equipped to do all secondary opera- 
P.O. Box 2215 (cn) tions such as fluting, knurling, swaging, slotting, rehead- 
i ing, threading, drilling and plating. 


= e : 
4 Petite i Westbury, Long Island, N. Y. uit, We work in any metal and whether your run is large or 





small, ask for a quotation. 








ESTABLISHED 1850 
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SAVINGS ARE YOURS 


when you specify 


VCKOFF cold Finished Bars 


CARBON... ALLOY...LEADED 
WYCKOFF ASSURES QUALITY CONTROL... 


be) Constant Maximum Production 
$> Increased Machining Speeds 
:2) Longer Tool Life 


Incorporate these factors (DOLLAR SAVERS) in YOUR 
SPECIFICATIONS. 


25 District Offices and Sales Representa- 
tives are always ready to help you 


promptly and efficiently. AWK 


AW, Wy 


WED STEELS 
we Ney 
% 

2 
|} 


YCKOFF STEEL CO. 


StS | 
oe . “Oy 


Works: Ambridge, Pa. « Chicago, Ill. « Newark, N.J. © Putnam, Conn. 





WYCKOFF STEEL PRODUCTS — Carbon and Alloy Steels * Turned and 
Polished Shafting * Turned and Ground Shafting * Wide Flats up to 12” x 2” 
All types of furnace treated Steels 











MANUFACTURERS’ FREE LITERATURE, cta 


STRAIGHTENERS—Sutton Engrg Co, Belle- 
fonte, Pa. 8-page bulletin 25 describes varied line 
of equipment for different applications. Photo- 
graphs of 5-roll and 7-roll units provide addi- 
tional detail. 


VARI-SPEED DRIVES — Reeves Pulley Co, 
Columbus, Ind. 24-page catalog M-543 provides 
full information on fractional-horsepower vari- 
speed motordrive, available in four power ratings 
and ratios from 2:1 to 10:1. Spiral-groove lubri- 
cation, operation, control, specifications, and ac- 
cessories are presented, and 112 different assem 
blies are shown. 


GAGES—H C Clatfelter Co, 21810 Wyoming 
Ave, Oak Park 37, Mich. 22-page catalog con- 
tains detailed data on tolerances, wear allowance, 
gaging principles and practices. Covers indicat 
ing and gaging fixtures, and adapter bushings. 
Specifications and prices given. 


MACHINING STAINLESS — Republic Steel, 
3100 E 45th St, Cleveland 27, Ohio. 93-page 
booklet gives speeds, feeds, and estimating data 
for machining all types of stainless used com- 
monly on automatics. Information on tool form, 
section on how to find and correct difficulties, 
formulas and tables, and data on new screw 
thread standards. 


HYDRO-MECHANICAL DEVICES — Pathon 
Manufacturing, 3823 Pacific Ave, Cincinnati, 
Ohio. 32-page builetin 22 covers line, including 
oil hydraulic cylinders and hydraulic directiona! 
control valves. Includes tables of sizes and engi- 
neering data on various models. 


SILENT CHAIN DRIVES—Link-Belt Co, 307 
N Michigan Ave, Chicago 1, Ill. 8-page book 
No. 2425 illustrates versatility of applications. 
Design features, selection procedure, tables, and 
computations included, as well as components, 
operational, and technical data. 


FLEXIBLE COUPLINGS — Lovejoy Flexible 
Coupling Co, 5073 W Lake St, Chicago 44, Ill 
20-page catalog illustrates range of types with 
dimensions, specifications, applications. Includes 
horsepower to torque conversion table. 


MEEHANITE CAMS, CAMSHAFTS, AND 
CRANKSHAFTS—Meehanite Metal Corp, New 
Rochelle, NY. 12-page illustrated booklet covers 
application problems. Describes basic metallurgy 
and engineering properties of a few of the types 
of Meehanite metal most widely used for such 
service. 


HARDFACING ALLOYS—American Mangan- 
ese Steel Div, American Brake Shoe Co, 109 N 
Wabash, Chicago Heights, Ill. 48-page illustrated 
catalog provides data on metallurgical and physi- 
cal properties for four automatic and fifteen 
manual rods and electrodes. Charts for selection 
included. 


SPRING PIN—Standard Pressed Steel Co, Jen- 
kintown, Pa. Folder illustrates Sel-lok units in 
variety of applications. Dimensions, shear 
strength, recommended max and min hole sizes 
to accommodate them provided. 


PACKINGS—E F Houghton & Co, 303 W Le- 
high Ave, Philadelphia 33. Six technical bulletins 
give ess¢ntial features on six types of industrial 
packings: rubber O-zings, V-rings, and U-cups, 
and leather V’s, U’s, and cups. Each balletin 
covers standard sizes and specifications. 


GLASS FIBER LAMINATES — Lunn Lami- 
nates Inc, Huntington Station, Long Island, NY. 
24-page brochure “Glass Fiber Laminates for 
Shell Structures” is a comprehensive study of 
subject. Equations, diagrams, and charts point 
out advantages of these materials over metal or 
wood construction. 


ALLOY STEELS—Climasz Molybdenum Co, 500 
5th Ave, New York 36, NY. 208-page book, “‘Al- 
loy Steels Pay Off,” contains a 29-page introduc- 
tion with charts outlining advantages, 172 pages 
of case histories, and a 5-page reference section. 


STEEL PRODUCTS—Jones & Laughlin Steel 
Corp, 401 Liberty Ave, Pittsburgh, Pa. 226-page 
indexed warehouse stocklist and reference guide 
carries complete listing of items. Section includes 
decimal equivalents, sheet gage weight, thickness 
and order limits, typical heat treatments, machin- 
ability ratings. 
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The Reader * 
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HE ABC SYMBOL, which appears at 
the head of this page, is your brand— 
the reader’s brand—on this magazine. It 
stands for Audit Bureau of Circulations. It 
means that this magazine will stay in business 
only so long as it continues to serve its readers 
to their satisfaction. 
That Bureau—known for short as ABC—is 
a voluntary, nonprofit, cooperative association 
founded in 1914 by a group of publishers, ad- 
vertisers and advertising agencies who wanted 
to establish and maintain higher standards of 
publishing practices than then prevailed. Its pri- 
mary and specific purpose was to set up yard- 
sticks to appraise circulation values and to verify 
the claims of publishers as to their circulations. 
For the buyer of advertising space this provides 
an effective means to take some of the guesswork 
out of buying and te reconcile the conflicting 
claims of competing publishers.. BUSINESS 
WEEK magazine has aptly described ABC as 
“the publisher’s conscience—and cop.” 


UT IN DOING that job, ABC performs an- 
B other function of high importance to the 
readers of ABC member publications. It pro- 
vides a constant pressure on the publishers to 
keep alive in their staffs a sense of primary re- 
sponsibility to their readers. That is because the 
most simple and direct method of making a 
publication responsible to its readers is to place 
upon it a purchase price, whether by subscrip- 
tion or newsstand purchase. The right to pur- 
chase or to refrain from purchasing a publica- 
tion gives to the reader and to no one else the 
power to pass effective judgment on the pub- 
lisher’s success in serving the readjng public. 
Each paid publication will grow or languish, will 
prosper or fail, in proportion as it wins or loses 
the following of thousands or millions of read- 
ers. The readers, by their patronage, record their 
judgments as to whether the publisher and his 
publication are measuring up to their responsi- 
bility to them. 





° His Mark 


x 
Curcat 


And that is where the ABC comes into the 
reader’s picture. The newspaper or magazine 
that carries the ABC symbol on its masthead 
must in the first place be a paid circulation pub- 
lication. Moreover, it must conform to the high 
standards set up by the Bureau as to terms of 
payment and accounting methods. And again 
it must open all of its books to the auditors of 
the Bureau on demand. 


INCE THE INFORMATION thus determined by 
S thorough and impartial audit is periodically 
made public through the ABC statements and 
audit reports, it is constantly available to and 
universally used by advertisers who are consid- 
ering the purchase of space in an ABC publica- 
tion. These reports show the circulation trend, 
as verified and certified by ABC, and thus put 
the advertisers in a position to know whether or 
not the publisher is rendering satisfactory serv- 
ice to his readers. 

Thus the publisher who submits his publica- 
tion to the supervision and discipline of ABC 
affirms in the strongest possible manner that he 
recognizes his primary obligation is to his read- 
ers and that he owes his standing to a voluntary 
demand by those readers. It follows that the 
editors of ABC publications must be exception- 
ally alert to the desires of their readers and 
responsive to their needs, since any decline in 
circulation will soon show up in the ABC state- 
ments and audit reports. 


HAT IS WHY we describe the ABC symbol 
‘ie the reader’s brand. It shows that a pub- 
lication must be primarily responsive to him and 
that he holds in bis own hands its success or 
failure. And that ABC symbol is not only a 
constant reminder to him of that fact, but also 
an equally constant reminder to all concerned 
that the reader’s willmgness to pay for the ABC 
publication is the acid test of its value to him 
and to the advertiser. 


McGraw-Hill Publishing Company, Inc. 
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Money-saving ideas for 
handling work in process, 
for chip disposal, and 
concerning developments 
in automation make up 
the bulk of this section. 
Also included are useful 


hints on plant services’ 


@ MATERIALS HANDLING 
Boxes, trays, pallets 
Chip handling 
Conveyors 
Trucks and cranes 
Materials handling — general 


@ AUTOMATION 


@ PLANT SERVICES 





Materials handling & pl 


MATERIALS HANDLING 


Boxes, trays, pallets 


Racks installed along walls in Brown 
& Sharpe welding shop store parts 
waiting shipment to other departments. 
Incoming and outgoing parts are pal- 
letized for fork-truck handling. Ship- 
ping areas are marked off, keeping 
aisles clear for truck traffic. AM— 
June 7 °54, p133 


Conveyors are not employed in Na- 
tional Cash Register plant, Dundee, 
Scotland, except in processing shops, 
because parts are small and are easily 
handled in tote boxes by one man. 
Special trolleys serve for larger parts, 
such as cabinets, and work contact 
surfaces are protected by felt pads. 
Other large parts are handled on metal 
post pallets transported by fork lift 
trucks. M—Aug 1 °53, p1238 


Specially designed work tray holds a 
complete set of components required 
to make up one motor-compressor 
unit at International Refrigerator Co, 


Ber PRGIPOM cic he Pies aes . wo 
LARGE AIRFRAME BULKHEADS are stored 
in wooden racks in vertical position. Method 
requires less storage space than flat stack- 
ing, which is limited by danger of damage 
to parts. AM—Aug 3 '53. p138 


Peterborough, England. Trays pass 
from stage to stage of assembly and 
test on roller conveyors. M—Aug 15 
53, p1327 


Finished precision components are 
placed in trays and soaked 24 hr in oil 
before transfer to storage racks. When 
needed for assembly, parts are washed 
in trichlorethylene before being placed 
in work trays for moving to assembly 
dep’t. Storage area has two conveyors 
—one for delivery of loaded trays, the 
other for return of empty trays to 
parts storage department. M—Aug 15 
*53, p1328 


Drop-bottom boxes have replaced 
barrels at one plant. Only half as many 
containers are required, and much 
barrel-handling equipment has been 
eliminated in favor of more efficient 
lift trucks. Change has increased 
stamping production 15%. AM—Mid- 
Nov ’53, pF4 


2 
7 hae 
CARRYING RACKS for aircraft longerons 
permit easier moving; six units take up only 
slightly more space than a single one handled 
by earlier method. AM—Aug 3 ‘53, p!39 
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Palletizing and stacking can save 
enormous amounts of warehouse 
space, and you can palletize just about 
anything if you go about it the right 
way. Stout corner posts are important 
for safe stacking of irregular or crush- 
able parts. Removable side boards on 
pallet will make boxes of variable 
heights for small parts. F—Oct ’53, 
p122 


Palletizing heavy castings, such as ma- 
chine tool beds, permits fast, safe 
storage in yard at Brown & Sharpe 
plant by one man. When needed in 
shop, truck picks up loaded pallet, 
rides in elevator to desired floor, and 
deposits castings exactly where needed. 
This removes the hazardous, three- 
man job of guiding crane formerly 
used to lift castings from pile and on 
to fork-truck platform. AM—June 7 
54, p131 


AM production nuggets. 


STORAGE RACKS at Brown & Sharpe are 
put together by one man without bolts or 
fasteners, are easily erected anywhere in 
plant to meet storage problems and cleer 
aisles. Most practical size is 30-in. opening, 
96 in. wide, 48 in. deep. Racks are usually 
three-high, and have movable channels to 
permit use of mongrel-size platforms. Bins 
(platforms with movable sections) are also 
used., AM—June 7 ‘54, p!33 


EXPENDABLE SHIPPING BOXES, planned for palletization, have reduced truck-loading 


time from 2!/> hr to 20 min. Electric pallet trucks replace hand trucks to help reduce time. 
AM—Mid-Nov ‘53, pF4 


American Machinist ¢ MID-NOVEMBER, 1954 





MANAGEMENT, PERSONNEL 


| 
DR appear eo 


A 











MACHINING B 
TOOLING C | 
PRESSWORKING, 


MOLDING, CASTING 





INSPECTION, TESTING, 
QUALITY CONTROL 





ASSEMBLY, WELDING, 
PORTABLE TOOLS 





HEAT-TREAT, CLEANING, 
FINISHING 





MATERIALS, COMPONENTS 


MATERIALS HANDLING, 
SERVICES 


PRIZE IDEAS, 
REBUILT EQUIPMENT 








AM production nuggets . . . MATERIALS HANDLING & PLANT SERVICE 


SPECIAL DOLLY with platform only 6 in. 
above shop floor permits one man with hand 
cart to load scrap-filled barrels at Chance 
Vought Aircraft. Original height of 20 in. 
required services of two men to lift barrels. 
AM—Mar !5 ‘54, pI50 


Tanks engines and transmissions are 
carried through assembly and test lines 
on a special “Power-pack buggy” 
which also provides a pallet for ship- 
ping preparations. A4M—July 19 ’54, 
p122 


Chip handling 


Chip conveying and crushing system 
saves money because better price is 
obtained for crushed chips, shipping 
costs are lower, and handling is easier 
and cheaper. 4M—Aug 17 °53, p102 


Cast-iron chips are handled in Stude- 
baker plant by vacuum conveyor sys- 
tem. Graphite is added, and chips are 
briquetted. Chips which have been ac- 
cidentally wetted are trucked to chip 
house, drained, and added to dry chips 
being processed there. Steel chips are 
dried, crushed, and blown to storage 
bin. AM—Sept 28 °53, p117 


May-Fran conveyor in basement at 
GE Appliances Park receives scrap 
from presses via chutes leading from 
each machine. Cutouts drop from 
presses into trucks that are dumped 
into conveyor at loading point farther 
along. AM—Dec 21 ’53, p103 


Underground chip conveyor at Con- 
tinental Motors, Muskegon, runs in 
tunnels under main machining depart- 
ments, comes up through floor at 
strategic points where chips are loaded 
on carriers. Power end of conveyor is 
in chip and oil house at end of plant 
where chips are transferred for dis- 
posal. AM—July 19 °54, p127 
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Disposal of radioactive chips produced 
by machines working under water is 
handled by 200-gpm pump which col- 
lects water from cutter zone, picking 
up the chips and depositing them in 
an underwater strainer basket. A filter 
removes the fines before the water re- 
turns to the machine enclosure. AM— 
April 12 °54, p167 


Small parts produced on Acme-Grid- 
leys are removed from the machines, 
together with the chips, by conveyors 
in the machine beds. Conveyor moves 
a short distance at each spindle index, 
so chips are fairly well drained of oil 
before being discharged into tote pans. 
Loaded pans are carried by conveyor 
to chip-disposal area where work and 
chips are separated by shaker-blower, 
and oil is extracted from chips and 
purified. AM—May 10 °54, p159 


Chip handling costs have been slashed 
at Brown & Sharpe from $1350 per 
70,000-Ib load, to $35 per load. Old 
method was to load chips in 220-Ib 
barrels, hand truck these to railroad 
yard, and hand-load into 50,000-lb- 
capacity box cars. New method is to 
accumulate chips in 5.3-cu-yd bins in 
centrifuge room, pick these up by 
rotating-head fork truck, and carry 
them to central collecting point. When 
14 bins are full, fork truck tips them 
into 50-ft gondola car. d4M—June 7 
54, p130 


Aluminum chips from Fay automatics 
producing fins on cylinder barrels are 
removed by flight conveyors which 
feed to a slat-type conveyor running 
the length of the battery of six ma- 
chines. This feeds to a belt conveyor 
inclined to leave the building at height 
sufficient to permit gravity loading of 
trucks. AM—July 19 ’54, p123 


Conveyors 


Continuous conveyor carries tractors 
through washer, dryer, paint spray and 
oven. Output is 1 every 5 min. AM— 
Sept 14 °53, p184 


Overhead chain conveyor carries hulls 
of M8E2 cargo earrier through clean- 
ing, phosphatizing, and painting. AM 
—Oct 26 *53, pl117 


Overhead chain conveyor carries re- 
frigerator units through assembly, in- 


spection, dehydration, charging, and 
testing stations. Work is not removed 
unless it fails to pass one of several 
tests. AM—Oct 26 °53, p125 


Continuously moving wood-slat con- 
veyor carries formed wooden blocks to 
support pump unit while condenser 
unit is assembled to form refrigerator 
subassembly. AM—Oct 26 ’53, p124 


Magazines feed radiating wires to as- 
sembly fixture as it moves along track 
leading to welder. Operators seated 
over track feed wires to magazines. 
See illustration under Assembly. AM 
—Oct 26 53, p125 


Storage conveyor permits refrigerator 
parts to be porcelain enameled even 
when assembly line is not running. 
AM—Oct 26 °53, p127 


Grouping conveyor arranges work on 
close centers for electrostatic spraying 
to obtain maximum efficiency of paint 
spray system. A4M—Oct 26 ’53, p128 


Grouping conveyor, designed on the 
principle of an Archimedean screw 
with a changing pitch, repositions 
work to close centers while passing 
through painting process, then sepa- 
rates it again for travel and baking. 
See illustration under Painting. AM— 
Mid-Nov °53, pE13 


Three colors of hangers on a closed- 
circuit conveyor serving two groups 
of machines indicate condition of 
workpieces. Unmachined parts are 
hung on red; after first operation, they 
are moved to yellow; after second op- 
eration, on black for removal. AM— 
Nov 9 ’53, p177 


Changing the angle of a conveyor 
handling plastic-dip-coated coils solved 
the problem of rat-tails forming from 
the drip. By having the work travel 
horizontally just above the tank sur- 
face during draining, instead of rising 
at a steep angle, the tails did not form, 
and six girls were released to other 
work. AM—Dec 7 °53, p177 


Presses in GE Appliance Park are 
served by Rapistan belt conveyors that 
can be shifted around and set up as 
required by material flow from press 
to press. Blanking and forming presses 
are located on edges of press area to 
simplify scrap disposal. AM—Dec 21 
*53, p103 
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SEGREGATION OF PARTS leaving drying 
tunnel is maintained by guides as parts feed 
to cross conveyor at right angles. On cross 
conveyor, additional guides sweep work to 
one side of belt, from which it will be 
plowed, later, to two assembly belts, one 
for each size. Portion of belt left clear is 
used for conveying finished parts fed back 
from the looped assembly lines at AC-Delco 
plant in England. M—Feb 20 ‘54, p3l! 


Conveyor carriers equipped with tilt- 
ing fixtures facilitate assembly of range 
tops without removing parts from con- 
veyor. Shelved carriers on second par- 
allel conveyor hold small parts and 
move twice as fast as the main con- 
veyor. AM—Dec 21 ’53, p104 


Power and free monorail conveyor 
carries disposal units through assembly 
operations. Carrier fixture arm can be 
moved to suit the operation and locked 
in place. See illustration under Assem- 
bly. AM—Dec 21 °53, p105 


Carrousel conveyor holds peg-board 
fixtures for assembly of wiring har- 
nesses. Fixtures can be tilted 90° and 
are held by quick-acting clamps for 
easy interchange when different models 
are to be run. AM—Dec 21 ’53, p106 


Roller-skate conveyor holds clothes- 
washer drive units during electrical 
test. Traveling meter boards suspended 
from overhead conveyor travel parallel 
with the units. AM—Dec 21 °53, p106 


Delays on the assembly conveyor are 
avoided by a pushbutton unit that re- 
moves defective work to a branch line 
at inspection stations and returns cor- 
rected units. AM—Dec 21 °53, p107 


Automatic turnover unit installed in 
primary-assembly conveyor transfers 
clothes washers, right-side-up, to final- 


assembly conveyor. Maintenarce of 
correct spacing on primary conveyor 
is important because turnover is timed 
to the spacing. AM—Dec 21 ’53, p107 


High-level conveyor at Westinghouse 
plant carries crated refrigerators over 
offices and main aisles, and delivers 
them to warehouse. Elevators raise 
work from floor level in assembly 
dep’t, lower it again in warehouse. 
Floor conveyors in warehouse have 
photoelectric circuits to route crates to 
railroad sidings. AM—May 10 °’54, 
p160 


Slow, dangerous, manual handling of 
long steel bars is avoided at Caterpillar 
plant, York, by between-machine con- 
veyors. On track link line, only five 
workers will be needed, in place of 16 
on older facility. Line will turn out 
50% more production with two-thirds 
less labor. AM—June 7 °54, p178 


Fully conveyorized unit at British 
Thomson-Houston plant, England, 
makes possible a 30% increase in pro- 
duction of fractional-hp motors. Pro- 
duction of standard, semi-standard, 
and special models is made possible 
by flexibility in the machining setup 
and use of a matching conveyor sys- 
tem to coordinate all parts for any 
motor for final assembly. M—June 26 
*54, p1109 


Stators for fractional-hp motors at 
British Thomson-Houston plant are 
carried on an overhead conveyor. 
When this meets the winding con- 
veyor, stator is tipped on to a selector 
which, operating by weight, lets the 
stator down into one of four compart- 
ments, according to core length, to 
segregate motors of different power. 
M—June 26 54, p1110 


Trucks and cranes 
Rotary tong grips on lift trucks facili- 
tate handling parts in drums, permit 
easy stacking and safe emptying of 
drums into hoppers and baths. AM— 
Aug 17 ’53, p131 


Rotating-head fork truck, of 12,000-lb 
capacity, effects big savings at Brown 
& Sharpe plant by picking up trash in 
6x6x6-ft steel boxes and carrying them 
to two 30-cu-yd dump trucks for 5- 
mile haul to dump. Formerly, 5-cu-yd 
truck made 12 or more trips a day. 
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Same fork truck is also used in slag 
and chip disposal, and machinery and 
lumber handling. Smaller, 2000-Ib 


rotary-head truck distributes cutting 
and lubricating oils, carries away 
sludge. AM—June 7 °54, p131 


Special fork arrangement on lift truck 
removes work from furnace and low- 
ers it into quenching pit 4 ft below 
floor level. Same truck then removes 
work and carries it to next Operation. 
AM—Mid-Nov °53, pFS 


VHF two-way radio installed in two 
mobile cranes, two work lift trucks, a 
tractor, a “mechanical horse,” a truck, 
and two private cars, all linked to the 
central traffic control, permit maxi- 
mum efficiency at Davey Paxman & 
Co, England. Maximum range per- 
mitted by government is 15 miles, but 
system works extremely well and per- 
mits, for example, one tractor to serv- 
ice eleven trailers. Control is switched 
to guard house at night for service of 
vehicles out of plant. Additional bene- 
fit has been spirit of cooperation 
fostered among drivers. M—Jan 30 


ROTATING-HEAD CLAMP FORK TRUCK 
picks up 50-gal drums of oii at Brown & 
Sharpe plant, delivers them to machining 
floors, places them on racks or tilts oil into 
containers. Barrels of sludge are picked up, 
carried outside to stationary containers 
which are carried by fork truck to road 
truck for disposal. Old system involved 
manual handling. AM—June 7 ‘54, pl32 


Development of standard data on fork 
truck operation will permit predeter- 
mination of the time and number of 
trucks needed for a given operation. 
Or help to decide which of several 
handling methods is the most efficient. 
Standard time for an operation can 
be set in about 5% of the time re- 
quired to set it by time study. Ele- 
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ments to be established are: travel, 
brake, raise fork, lower fork, tilt fork, 
and manual operations to operate 
truck. Standard times and distances 
are then charted for record. F—Mar 
54, p90 


Sen ed 


SECTION OF ROLLER CONVEYOR at- 
tached to straddle-type fork truck permits 
partly assembled screw machines at Brown 
& Sharpe to be removed from end of con- 
veyor line, trucked via elevator to next floor, 
and loaded on next conveyor line. Truck is 
equipped with power traction, and cop- 
veyor section is designed to be locked to 
end of line during transfer operation. AM 
—June 7 ‘54, pl32 


SPRING PIPE rotating slowly over bottom 
of tote box permits finished work to be 
discharged from centerless grinder without 
danger of being nicked by even a short free 
fall. AM—Sept 28 '53, pi50 


Radioactive materials are brought into 
cells for machining by lifting roof 
slab with 3-ton bridge crane, lifting in 
a transfer unit, and replacing the slab. 
A manipulator is used to lift the top 
plug from the transfer unit and re- 
move the samples. Installation is at 
Oak Ridge National Laboratory. 4M 
—April 12 °54, p161 


Gasoline trucks at Lodge & Shipley 
have been converted from gasoline to 
propane. Gas is supplied from two 
tanks behind the driver. Operation is 
less costly and air contamination is 
reduced. AM—April 26 ’54, p149 
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To avoid trucking dirt into air-condi- 
tioned gear-checking room at Lodge & 
Shipley, gears are carried on wooden 
pins on fork-trucked pallets. These are 
set into a floor-level pocket in the wall 
from the outside. Testers take gears 
individually from the skids through 
trapdoors over the pocket. AM—April 
26 °54, p149 


Modern fork lift trucks replace obso- 
lete platform trucks at Brown & 
Sharpe plant, maintenance of which 
cost $19,000 in 1952. The 18 new 
trucks carry almost everything every- 
where in the plant and are the heart of 
the plant’s materials handling and 
traffic control system. After two years 
of operation, traffic runs smoothly 
through uncluttered aisles, and mate- 
rials handling costs are dropping so 
fast that the investment will pay for 
itself in two more years. AM—June 7 
°54, p131 


For handling lumber in the Brown & 
Sharpe plant, replacement of hand 
loading by fork-lift trucks has brought 
about a saving of $35,000 a year. At 
the shipping dock, one fork truck has 
replaced a cab crane in 70% of all 
truck-loading operations. AM—June 
7°54, pl31 


Materials handling . . genercl 


Rails set at machine-spindle height 
eliminate most vertical handling of 
long torsion rods during machining 
and heat-treating. Rails are made of 
angle iron with wooden inserts in “V.” 
AM—Aug 3 °53, p114 


Torsion spring bars, ground to blend 
radius and angle between head and 
body, are handled on transfer rails lo- 
cated between two grinders which op- 
erate on oppcsite ends of the work to 
avoid end-for-end turning. AM—Aug 
3 °53, pli6 


Special benches for wrapping material, 
fire-protected excelsior bins, and eleva- 
tor turntables increase efficiency of 
parts and machine packing at JBM. 
AM—<Aug 3 ’53, p119 


About 30% of the average overhead 
dollar goes for materials handling. Ex- 
cept where there are unusual condi- 
tions, a figure much above this indi- 
cates a need for better materials-han- 
dling equipment or planning; perhaps 


both. Other indications are: increased 
accident rates, excess hiring of labor 
gangs, and excessive floor storage. AM 
—Mid-Nov ’53, pF2 


In metal stamping processing, the 
equivalent of 50 tons of material 
weight is handled for every ton of 
finished product shipped, and 40% of 
every wage dollar spent by industry is 
for materials handling. Two-thirds of 
the duration of a machine process is 
spent on materials handling at the 
work station, but this can be reduced 
by buying coiled strip instead of sheet 
to permit automatic feeding. Feeding 
inclinable presses from the front and 
letting stampings pile up at the back 
permits continuous flow, instead of 
single feeding and withdrawing. AM— 
Mar 29 ’54, p147 


Hand-powered master slave manipula- 
tor, developed at Argonne National 
Laboratory, is employed in small ma- 
chining cells at Oak Ridge for light- 
duty work involving loads of about 5 
Ib. It is essentially a three-dimensional 
pantograph working on polar coordi- 
nates with two fingers and a wrist, is 
completely counterbalanced and has 
low inertia. AM—April 12 °54, p162 


SPECIAL RECTILINEAR MANIPULATOR 
performs a wide variety of operations in- 
side cells eraployed for machining radio- 
active materials. Fully motorized and re- 
motely controlled, the unit has fingers 
attached to a rotatable wrist, an elbow 
rotatable in a vertical plane, and a shoulder 
rotatable in a horizontal plane. Column can 
be raised or lowered and can travel longi- 
tudinally and laterally on suitable ways. AM 
—April 12 '54, pl63 
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Specially designed “ice-tong” grips are 
employed for hoisting and transporting 
large sections of fabricated ductwork. 
AM—Jan 4 °54, p93 


Automatic stacker takes motor-lami- 
nation blanks fed to it by chute from 
press, passes those than can maintain 
tangent contact, and rejects damaged 
ones to pan. Accepted blanks are 
screw-fed into vertical position and 
held on two bars. AM—May 10 ’54, 
p157 


To improve materials handling in an 
old, multi-building, multi-story plant, 
Brown & Sharpe hand-trucks loads to 
a central transfer station. Loads are 
set down in areas designated for each 
destination, palletized, and picked up 
by truckers for transfer to the various 
buildings and distribution to other 
floors. AM—June 7 °54, p129 


Inefficient elevator operation at Brown 
& Sharpe plant was costing too much 
money in truck waiting time. A survey 
revealed sources of heaviest loads, rush 
hours, and which elevators were get- 
ting the least work at certain times. 
From this a plan was prepared to in- 
sure all elevators carrying uniform 
loads at all hours, and long waits were 
cut down or eliminated. AM—June 7 
54, p130 


Small production shop producing auto- 

‘motive components and employing 
only 250 men, has adopted big-plant 
tooling and materials-handling meth- 
ods to obtain high-volume, low-cost 
production. Conveyors and chutes re- 
duce time and handling between ma- 
chines. See case studies under “Bor- 
ing” and “Drilling.” AM—June 7 °54, 
p138 


AUTOMATION 


Arranging horizontal milling, drilling, 
and boring machines around floor 
plate effects 50% reduction in ma- 
chining time at British plant. Rotating 
and traversing tables carry work be- 
tween machine and reduce number of 
crane lifts. AM—Aug 17 ’53, p148 


Fully automated production line turns 
out artillery shells at Rockford Ord- 
nance plant. Operations include forg- 
ing, heat treating, painting and other 
operations. BW—Sept 26 ’53, p68 





Work is fed to a magazine on a 4-sta- 
tion miller by a rake mechanism taking 
parts from a conveyor belt. See illus- 
tration under Milling. AM—-Oct 12 
"53, pl46 


Crankshafts are loaded into LeBlond 
automatic lathes by automation device 
which also unloads finished parts and 
places them on rails that feed to the 
next machine. AM—Oct 12 °53, p147 


Jams at weigh-sorting machine are 
prevented by feeding parts through a 
rythmizer which feeds them to the 
sorting equipment. Caps are sorted 
into six classifications automatically, 
and deposited onto a divided conveyor. 
AM—Oct 12 °53, p150 


Spider merry-go-round in center of a 
circle of five presses, holds work even 
during press stroke. After each opera- 
tion, work is automatically ejected and 
moved to the next press. One man 
controls the entire setup which re- 
places a conventional line having one 
man at each press. AM—Oct 12 °53, 
p152 


Simple automation device on trim- 
press catches work at correct position 
in press. After stroke, device retracts 
and allows work to slide down ramp 
onto belt conveyor fer transit to next 
machine. AM—Oct 12 ’53, p152 





ELECTRIC PICKOFFS feed valves down an 


inclined track from an overhead conveyor 


directly to a grinding fixture. Ejection is 
also automatic. AM—-Oct 12 ‘53, pI54 


Generator shafts are fed to keyway 
miller from saw-tooth magazine which 
is loaded automatically from tube. Fin- 
ished parts are ejected automatically 
and carried by an elevator to next ma- 
chine. AM-——Oct 12 53, p153 
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POWER-AND-FREE CONVEYOR SYSTEM 
applies automation to increase output and 
safety, and improve quality. Older, floor- 
mounted, buggy-type conveyor wasted man- 
power and limited plant layout. AM—Oct 
12 '53, pl25 


Thread rolling machine for forming 
serrations on shafts is started by a 
switch controlled by a saw-tooth maga- 
zine, and operates only on work de- 
mand. Unloading device removes fin- 
ished shafts and carries them to an 
inspection table. AM—Oct 12 °53, 
p153 


Log-jams are prevented on conveyor 
feeding milling machine by automatic 
key-station. One mill normally handles 
all work, but if too many cylinder 
blocks come along, the extras are 
shuttled to a second machine that au- 
tomatically picks up the load. Electric 
interlocks prevent blocks from jam- 
ming the key station. AM—Oct 12°53, 
p155 


Automation, originally an _  after- 
thought, is now envisaged when Ford 
plant layouts are in embryo stage. Ma- 
chine locations and material flow de- 
pend on automation requisites, rather 
than individual preference. AM—Oct 
12 °53, p129 


Ford push-rod ends are finished in a 
Hanchett grinder. Work of loading 
parts into holes in fixture was Orig- 
inally performed manually; now a con- 
veyor drops parts into a hopper that 
sorts and feeds them to a loading 
mechanism that loads the fixture, mak- 
ing the machine automatic. AM—Oct 
12 °53, p132 


Mechanical sorter separates commuta- 
tor segments from excess trim stock. 
Mixed parts are fed from hopper; then 
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high-frequency vibration moves parts 
between rolls. Trimmings fall between 
rolls, good parts are carried to tote 
pan. AM—Oct 12 53, p161 


Automatic dipping conveyor processes 
parts through phosphating operations 
in correct time cycles without opera- 
tor attention. AM—Oct 12 °53, p170 


Automatic handling equipment carries 
Ford crankshafts through annealing 
furnaces two abreast, transports them 
broadside to and from a press, and 
takes them to a delivery conveyor. AM 
—Oct 12 ’53, p179 


Automation setup on two lathes for 
turning camshafts loads part into ma- 
chine, dipping one end to permit in- 
serting into chuck jaws. After machin- 
ing, part is unloaded, turned end for 
end, inspected, and reloaded into sec- 
ond machine. After second operation, 
work is removed, inspected, and placed 
on gravity conveyor. Entire sequence 
is automatic, and gages are interlocked 
to stop machine if parts are out of 
tolerance. 4M—Mar 29 °54, p110 


Automation conserves manpower by 
releasing it from loading and unload- 
ing machines and handling material 


TWIN ELECTRIC HOISTS lift railroad axles from rack, lower them into cradle-locator on 
double-end Niles centering machine. AM—Jan 4 ‘54, p30 


SEMI-AUTOMATIC PICKUP handles railroad axles between finish turning and grinding, and 


is operated by remote control from grinder. 


Tramrail hoist drops hook to proper height 


dogs are tripped to let first axle roll free and into hook, next axle is caught by air cylinders 
that exert only axial pressure, and hoist picks up axle and moves it to grinder automatically 


Setup is at American Car & Fdy Co 
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AM—Mar [5 ‘54, pi5! 


between machines. Equipment can be 
tailor-made to suit specific needs, or 
transfer units can be designed to be 
disconnected from one machine and 
installed at another, or their positions 
can be changed in a line to suit pro- 
duction changes. AM—April 12 °54, 
p178 


Steel sheets are fed to press shop from 
Dexter unit. Stock moves along roller 
conveyor fitted with limit switches to 
control flow. Manual handling of 
sheets is thus avoided. AM—Dec 21 
*53, p103 


Railroad axles are positioned auto- 
matically in two-way unit for simulta- 
neously countersinking, drilling, and 
tapping both ends. Air chuck grips the 
work. Parts are ejected to gravity con- 
veyor to roll to finishing lathes. AM— 
Jan 4 °54, p130 


Automatic tramrail carries railroad 
axles to centerless grinder, lowers them 
into V’s of hydraulic lift which car- 
ries them into the machine. AM—Jan 
4 °54, p132 


Applying automation to a plant is a 
matter of achieving a balance between 
maximum efficiency and maximum 
economy. Analysis may show it is ad- 
vantageous to change from standard 
to special machines, or that adding 
special loading devices to standard 
machines will serve the purpose. Part 
production is less important than man- 
power conservation. Savings gained 
by eliminating one operator and ap- 
plying his time to another operation 
can be applied to automation expendi- 
ture whether the production rate is 
one or a thousand per hour. AM— 
April 12 °54, p178 


To determine the justifiable cost of 
automation, multiply the assessed 
value of one man replaced by auto- 
mation per year per shift, by the num- 
ber of shifts per day worked in a year, 
by the amortization period for the 
equipment, based on the production 
life of the part. The product will be 
the maximum amount that can be 
spent for automation equipment. Then 
you must decide whether manpower 
conservation is worth while, whether 
production will be increased, whether 
floor space will be freed for advan- 
tageous use, and how its cost com- 
pares with savings achieved. AM— 
April 12 °54, p178 
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Special automation device serves two 
Natco machines for drilling, reaming 
and parting bearing-cap clusters, sav- 
ing one operator. Transfer unit and 
combination hopper and loading de- 
vice stores castings and feeds the ma- 
chine as needed. Labor savings are 
$8000 a year, total cost of unit was 
$20,000, so amortization time for the 
equipment is 2% years. AM—April 
12, 54, p181 


Manually loaded automation device 
stores steering knuckles until machines 
are ready to receive them, then auto- 
matically positions parts in an index- 
ing member of a special grinder for 
feeding. Cycle time of machine is 
speeded; production rate is 400 pieces 
per hr with only 10% of one opera- 
tor’s time being required. Total cost 
of the equipment was $5000. AM— 
April 12 54, p1i81 


Fully automated machine assembles 
eight separate pieces into a complex 
carburetor assembly, including punch- 
ing two fiber diaphragms and a fiber 
washer, assembling the parts, spin- 
ning over a shoulder and the shaft 
end, and ejecting the finished part. 
Production is 10,000 assemblies in 16 
hr, and four men are released for 
other work. AM—April 12 °54, p182 


Standard transfer unit built by Wilson 
Automation Co permits adjusting 
automated lines to suit production 
changes. It is 90 in. long, of bolted 
and doweled construction, and is op- 
tionally pneumatic or hydraulic with 
standard pump, tank, cylinders, and 
control panel to simplify installation 
and maintenance. Stroke and speed of 
transfer bar are adjustable and con- 
trolled by stops and flow control valve. 
AM—April 12 °54, p180 


One operator does the work of five in 
assembling heater ducts on a fully 
automatic machine. Operator loads 
one half of part into machine, where 
bracket is riveted in place. Part then 
transfers automatically to second sta- 
tion where clips are made in a die and 
installed. At third station, operator 
places second half over first. Parts are 
then gang stapled together and clip 
prongs are crimped, after which as- 
sembly is shuttled into a shop truck. 
AM—April 12 ’54, p184 


Automatic materials transfer mecha- 
nism takes various lengths and diam- 


eters of tube from cut-off machine, 
carries them underground across the 
plant, then transfers them to an auto- 
matic hoist which delivers them to a 
lengthwise unit that carries them over- 
head and delivers them into the load- 
ing unit of a tube reducer. Three men 
were freed from each shift, and 
traffic between the machines was 
eliminated. AM—April 12 54, p183 


RAILROAD AXLES are ground at both ends 
on two centerless grinders. When one end 
is finished, hydraulic lift elevates it and the 
operator extends the arms at the end of the 
transfer unit. When he pushes the exten- 
sions back, the axle rolls by gravity to the 
other machine. It is positioned against lo- 
cating plate by air cylinder, then rolls into 
sockets on arms which can be extended over 
hydraulic lift on second machine. AM—Jan 
4 ‘54, p132 


PLANT SERVICES 


Plant power supply is substantially in- 
creased at minimum cost and without 
interrupting production by careful 
analysis of loads and by dividing 
single-phase welders among the three 
phases. AM—Aug 3 ’53, p129 


Copper cable, 600 ft long, encircles 
entire Ford plant at Oakville (Ont). 
Every steel column and major piping 
system is grounded to this buried 
cable. Electrical leaks may blow fuse, 
but are thereafter grounded; so is 
static electricity. AM—Aug 3 ’53, 
p153 


Hazardous areas can be vacuum 
cleaned with ordinary household ma- 
chine, by removing electric motor and 
substituting pneumatic motor. Cleaner 
has less weight and bulk than indus- 
trial explosion-proof cleaners; is safe 
inside fueled aircraft. AM—Aug 3 
*53, p139 


Chip conveyors improve housekeep- 
ing, insure rapid chip removal at Ford 
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plants. Side feeders to main conveyor 
line permit considerable latitude in 
machine arrangement. AM—Oct 12 
*53, p166 


Installation of electrostatic air cleaner 
in a thread-grinding dep’t where there 
is heavy oi] mist saves $3553 a year 
in fuel oil for heating, and $140 in 
cutting oil, as well as keeping workers 
happier with working conditions. In- 
stallation at Richard Brothers Div, 
Allied Products Co, Hillsdale, Mich, 
will pay for itself in 17 months. Ordi- 
nary ventilating systems exhaust heat 
as well as oil mist. AM—Mar 1 '54, 
pli2 


Air filters in Westinghouse appliance 
plant, Columbus, remove dust and oil 
from air so motor housings and other 
parts can travel through plant without 
requiring special washes before assem- 
bly. Cast-iron dust is collected by 
Roto-Clone collectors which feed it to 
underground chip-collection system. 
AM—May 10 54, p157 


Large-dia air lines help reduce losses 
in compressed-air systems. A 3-in. line 
1000 ft long will carry 500 cfm with 
a pressure loss of 2.5 psi. But a 4-in. 
line will carry twice the air with the 
same loss. Initial expense is higher, 
but savings over the years will pay for 
the installation of larger lines. AM— 
April 26 54, p107 


Illumination of 43 footcandles at 
working level was achieved in new 
plant addition at F W Wakefield Brass 
Co by installing 8-ft reflectors with 
two fluorescent lamps in continuous 
rows. Half the light is directed down, 
half up and to sides. Walls and ceil- 
ings are white. Light level was reduced 
to 37 fc by later installation of noise- 
reducing baffles but is still higher than 
in many plants. AM—May 24 °54, 
p124 


Noise level in new press dep’t has 
been reduced substantially by lining 
one wall with Fiberglas from 5 ft 
above the floor to the ceiling, and by 
hanging baffles of the same material 
on 4-ft centers across part of the ceil- 
ing. Spaced between lighting fixtures, 
the baffles reduce the illumination 
slightly. This might have been avoided 
if noise reduction had been planned 
during building design. AM—May 24 
*54, p124 
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Picture your product here... 


Efficiency, that won TOWMOTOR leadership, can cut your material handling 
cost. Let a TOWMOTOR Mass Handling Engineer analyze your needs, 
without obligation. 


TOWMOTOR 


THE ONE-MAN-GANG , 


TOWMOTOR CORPORATION, Div. 5611, 1226 E. 152nd St., Cleveland 10, Ohio 


Materials Handling 
A bibliography of recent AM articles. 

How Ford Extends Automaticity to Engine Han- 
dling—June 23, “52, pl13 

Complete Stock Handling Automatizes Punch Press 
—dJan 9, ‘50, pl24 

Stocked Conveyors Boost Pressline Flexibility— 
June 9, ‘52, p132 

Conveyors and Convenience Cut Switch-Assembly 
Costs—May 12, ‘52, p136 

Transfer Cars Keep Assembly Moving—Nov 10, 
52, pl32 

Slash Handling Costs by “Tooling” Your Shop 
Trucks—Mar 6, ‘50, pl0! 

Expendable Palletized Racks Speed inter-Plant 
Moves—May 15, ‘50, p99 

Right Layout and Good Handling Cut Overhead 
10%—May 29, ‘50, p65 

Compact Chip-Handling System Cuts Costs, Boosts 
Scrap Value—July 10, ‘50, p86 

Chain Conveyor Handles Ground Parts—Aug 7, 
‘50, pills 

Venturi Blower Handles Crushed Chips Rapidly— 
Oct 30, ‘50, p96 

Planned Handling Licks Building Handicaps—Aug 
20, ‘51, p98 

Sheet-Stock “Library” for Efficient Storage—Oct 
15, “51, pl34 

“Brain Platform” Sparks Fully Conveyorized Plant 
—Nov 26, ‘51, p130 

Conveyorized Coordinated Assembly Speeds Job- 
Lot Production—Dec 24, ‘51, pl17 

Chip Conveyors Cut Job-Shop Downtime—Feb 4, 
52, plo4 

“Shop In Stockroom’’ Provides Point-Of-Use Stor- 
age—Feb 4, ‘52, pl24 

Special Dip Routine Bans Weekend Rust—Feb 18, 
52, pl43 

How Ford Plans for Low-Cost Chip Handling— 
Apr 14, ’52, p134 

Conveyors and Convenience Cut Switch-Assembly 
Costs—May 12, ‘52, p136 

Before You Improve Materials Handling, Ask 
Yourself: Is This Trip Necessary?—June 9, ‘52, 
pl43 

Planned Abrasive Control—June 23, ‘52, pl02 

Full Conveyorization Eliminates Manual Chip 
Handling—Oct 13, ‘52, p162 

Better Handling Saves Building Space—Dec 8, ‘52, 
pl36 

Chip Handling Is Big Business at Desoto—Mar 
16, “53, p140 

Re-Layout Better Handling, Improved Methods— 
Mar 16, ‘53, p163 

Conveyorized Lines Speed Delivery of 105-mm 
Shell—Apr 13, ‘53, pl69 

Clever Conveyorization Avoids Handling Headaches 
—May 11, ‘53, pl40 

How To Handle Chips and Trimmings—May 11, 
‘53, pl49 

Parts Conveyor Cuts Plant Congestion—Sept 18, 
"50, pl27 

Mechanical Hands Carry Bars for 33% Less—Apr 
16, “51, p133 

Integrate Materials Handling with Management— 
May 11, ‘53, pl44 

Ryan‘’s intermixed Conveyors Move Job Lots— 
May 11, ‘53, pl98 


“The boys in the shop made it for me for 
Christmas, but I'm afraid to plug it in!” 
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MANUFACTURERS’ 
FREE 
LITERATURE 


HYDRAULIC CRANES — Ruger’ Cranes, 
Urichsville, Ohio. 1954 catalog covers line of 
hand-powered units, both floor and truck-mounted. 
Floor cranes available in models from 1000 to 
6000-lb capacity. Request on company letterhead. 


BELTING—B F Goodrich Co, 1144 E Market 
St, Akron, Ohio. 32-page manual provides data 
on splicing and repairing of conveyor and ele- 
vator belting. Describes materials, tools needed, 
methods and special procedures. 


MATERIALS HANDLING — Factory Service 
Co, 4615 N 21 St, Milwaukee 9, Wis. 28-page 
book, “Turner System of Materials Handling,” 
offers ideas for savings in labor, space, and equip- 
ment. Illustrated applications, and new units 
pictured to provide mobility to semi-finished 
products. 


AIR CONDITIONERS—The Trane Co, La 
Crosse, Wis. Three bulletins cover a cold gen 
erator (DS-352), reciprocating compressor (DS- 
361), and a self-contained air conditioner (DS- 
362). Cold generators range in size from 10 to 
100 tons. The compressor bulletin covers capaci- 
ties, mew Freon 22 models and duplex models, 
and automatic multi-step controls, Self-contained 
air conditioners described range in size from 3 
to 20 tons; the smaller models with Trane Her- 
metic compressor. 


INSTRUMENTS—Minneapolis-Honeywell Reg- 
ulator Co, Wayne & Windrim Aves, Philadelphia 
44. Volume 7, No. 1 of “Instrumentation,” 48 
pages, as articles on atomic research, instrumen 
tation in a paper mill, heat-treating department, 
drug plant, bakery, and aircraft plant. Also 
available is index of all articies published from 
1943 through °53. 


CONVEYING EQUIPMENT — Rapids-Stand- 
ard Co, Inc, 342 Rapistan Bidg, Grand Rapids 
2, Mich. 16-page illustrated catlog GC-53 covers 
complete line of portable and permanent belt 
units, gravity wheel and roller conveyors, in 
steel and aluminum, and casters and hand trucks 
for wide range of jobs. 





LIGHTING—RLM Standards Institute, Suite 
818, 326 W Madison St, Chicago 6. Industrial- 
lighting specifications book covers upward-com- 
ponent data for indirect lighting where 20-30% of 
the light goes to the ceiling. Latest RLM revi- 
sions in specifications are included. 


LUBRICANTS—Fisk Brothers Refining Co, 129 
Lockwood St, Newark 5, NJ. 36-page bulletin 
covers Lubriplate lubricants for all industrial ap 
plications. Includes general text on lubricants, 
lists of applications in various industries, and 
lists of dealers. 


PUMPS—Milton Roy Co, 1315 E Mermaid 
Lane, Philadelphia 18, Pa. 16-page illustrated 
bulletin 1053 covers air-powered controlled vol 
ume units for low-capacity flow control problems 
Contains operating principles, capacity-pressure, 
and air consumption tables. 


PRODUCTIVE MAINTENANCE — General 
Electric Co, Apparatus Dept, 1 River Rd, Schen- 
ectady 5, NY. 18-page bulletin GEA-6087 “Five 
Steps to Productive Maintenance,” provides de- 
tailed data on organizing to meet demands that 
automation will make on electrical maintenance 
program. 


VIBRATION & SHOCK MOUNTINGS—Rob- 
inson Aviation, Teterboro, NJ. 4-page booklet 850 
describes vibration control based on use of re 
silient, primary load-carrying cushions of knitted 
metal wire, (Met-L-Flex). Typical examples il 
lustrated. Applications range from delicate pre 
cision equipment to massive machinery 


MAINTENANCE CONTROL—The McCaskey 
Register Co, Alliance, Ohio. 6-page folder on 
“one-writing’”’ multiple copy forms, visualized on 
job assignment boards, planning boards, and sim- 
ilar McCaskey equipment. 


FIRE RESISTANCE RATINGS — National 
Board of Fire Underwriters, 85 John St, New 
York 38, NY; Chicago 6, Ill; San Francisco 4, 
Calif. 48-page pamphlet, a revision of Appendix 
A of the National Building Code, contains tables 
on ratings of beam, girder, and truss protections; 
ceiling constructions, column, floor, roof, walls 
and partitions 
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This machine — 

moved 350 feet, yet out of 

& production only five minutes — 
proves... 


MOBILE MACHINERY CUTS COSTS 


Leveling Barrymounts let you 
















































install machines anywhere, without 
fastening them to the floor. This 
means you gain machine mobility. 
Your product costs can be cut because 
mobile machinery gives you flexible 
production layouts, Machine mainte- 
nance and reject costs are cut because 





damaging external shocks are isolated. 
Installation costs are cut because re- 


No lagging or cementing be- 
cause the resilient mount iso- 
lates vibration and shock in all 


directions — machines won’t 
ee not walk. 


quirements for expensive foundations 
are eliminated — no lag bolts to set 
or shims to drive, yet machines will 


Write today for your free copy 
of LOOK — NO LAGGING and 


learn how you can save money with 


Leveling is simple and fast — 
just turn the cap screw and 
tighten the lock nut — no shim- 
ming is necessary. 


o BARRY <= 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
1954 19 


Barrymounts. 





703 PLEASANT STREET 
WATERTOWN 72, MASS. 
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Information Here 


“HOW TO LOWER YOUR COSTS” can have 
as many answers as there are depart- 
ments and employees in your plant. 
A good first move is to knew the equip- 
ment available which could raise manu- 
facturing efficiency, cut unit production 
costs and work for greater employee 


contentment. EVERY PLANT EXECUTIVE should 


have this complete informative 


CM Catalog at his fingertips. Your 
copy sent on request. 


OVERHEAD 


MATERIALS 
HANDLING 
EQUIPMENT 


HOISTS « TROLLEYS 
TRAVELING CRANES 


Cif METEOR 

\% to 5 ton capacities. Fast, low headroom heavy 

duty wire rope electric hoist. Single and two 
4 speed models. Many exclusive features. 


Cif CYCLONE 
% to 10 ton capacities. 
Lightest weight and most 
efficient chain hoist. Rug- 
ged aluminum alloy con- 
struction for heavy duty 
and long life. 


Cif PULLER 


%, 1%, 3 and 6 ton capac- 
ities. Lifts and pulls at any 
angle. For 1,001 jobs. Low- 
cost. Safe and easy to 


Cf COMET operate. 
¥Y% to 2 ton capacities. Portable, 
compact and rugged electric chain 
hoist. Available in push button Cif TROLLEYS 
and pendant roe control models. Low headroom. Tandem, Matchless 


Plug in on 110, 220 or 440 volt and Moore styles. Plain, geared or 
power lines. motor ariven. A 


CHISHOLM-MOORE HOIST DIVISION 


COLUMBUS McKINNON CHAIN CORPORATION 


TONAWANDA, NEW YORK 
DISTRICT OFFICES: NEW YORK, CHICAGO, CLEVELAND 


in Canada: McKINNON COLUMBUS CHAIN LIMITED, ST. CATHARINES, ONTARIO 
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MANUFACTURERS’ FREE LITERATURE, ctd 


RUBBER TRANSMISSION BELTING — B 
F Goodrich Co, 1144 E Market St, Akron, Ohio. 
32-page catalog describes and illustrates con- 
struction features of various belts, recommended 
usage. Method of making Plylock belt joint, said 
to eliminate cause of belt failures, described. 


AUTOMATIC FILTERS—Dollinger Corp, 80 
Center Park, Rochester 3, NY. 12-page illus- 
trated bulletin 500 contains specifications, engi- 
neering, and performance data on Stay-new fil- 
ters in a wide range of sizes for handling any 
desired air capacity. 


CENTRIFUGAL PUMPS--/ngersoll-Rand Co, 
Phillipsburg, NJ. 12-pawe form 7287 of funda- 
mentals, principles of operating, definition of 
various terms used in pump calculations, and 
typical problems worked out, Illustrations and 
diagrams. 


VACUUM CLEANING SYSTEM — Air Ap- 
pliance Div, US Hoffman Machinery Corp, 221 
Lamson St, New York. 12-page bulletin A-939 
describes permanently installed system with cen- 
tral dust collection. Illustrates range of acces- 
sories. Portable units illustrated. 


CHECK VALVES—Williams Gage Co, 1620 
Pennsylvania Ave, Pittsburgh 33. 4-page folder 
shows silent flanged check valves for controlling 
water hammer. Various sizes and ratings are 
listed, and typical applications are illustrated. 


PORTABLE VENTILATOR — Mine Safety 
Appliance Co, 201 N Braddock Ave, Pittsburgh 
8. Single-sheet paper describes and illustrates 
two-way ventilating system for industrial use. 
Capacity is 3000 cfm. Unit includes 15-ft, 14-in. 
duct and two carrying belts for portability. 


IRON HAND AUTOMATIC UNLOADING 
MACHINES—Sahlin Engrg Co, 267 Ferndale, 
Birmingham, Mich. -16-page brochure describes 
and illustrates various designs of units for 
presses. Swinging arm and floor-type machines 
included. 


WATER PURIFIER—Barnstead Still & Ster- 
ilizer Co, 132 Kanesville Terrace, Forest Hills, 
Boston 31. Bulletin 128 depicts model BD-2 pres- 
sure bantam water demineralizer for flows up to 
25 gph and pressure to 60 psig. Replacement car- 
tridges are specified. 


TRACTOR TOOLS—Owatonna Tool Co, Owa- 
tonna, Minn. 12-page service manual illustrates 
service tools for Allis-Chalmers industrial trucks, 
and gives approved procedure in servicing. 


INDUSTRIAL HEALTH—Bureau of Indus- 
trial Health, Cincinnati Health Dept, Cincinnati 
2, Ohio. Brochure outlines facilities, guidance, 
and applications of plant health setup available 
in Cineinnati, and presumably adaptable to other 
industrial centers. 


MAINTENANCE CLEANING GUIDE — 
Oakite Products, 19 Rector St, New York 6, 
NY. 12-page illustrated booklet contains how- 
to-do it chart listing recommended cleaning 
materials, methods of application, descaling, 
odor control, paint stripping, rust removal. De- 
scribes Oakite cleaning materials, stem guns, 
and hot spray unit. Request on company letter- 
head. 


LIFT TRUCK—Clark Equipment Co, Buchan- 
an, Mich. 8-page brochure illustrates design, 
operation, maintenance of Hydratork drive 
torque converter and special-design constant- 
mesh transmission. Operational advantages dis- 
cussed and illustrated 


MATERIALS HANDLING EQUIPMENT — 
Palmer Shile Co, 1600 Fullerton Ave, Detroit 
27, Mich. 42-page catalog illustrates data on all 
type of equipment, including new products. 


AIR-CONDITIONING — Worthington Corp, 
Harrison, NJ. 8-page bulletin illustrates and 
gives specifications, di i accessories, phys- 
ical data, and features of the AHY (ceiling- 
mounted) and AVY (floor-mounted) units for 
year-round conditioning. 








GASOLINE TRUCK—Yale & Towne Mfg Co, 
11,000 Roosevelt Bidg, Philadelphia 15. 8-page 
folder introduces G-52 series of gasoline trucks 
in capacities of 1, 1%, and 2 tons, with more 
power, better maneuverability, fluid coupling, 
special] muffler, and four-pinion differential. 
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This 26,000 Ib. pneumatic-tire truck is the largest standard truck in the world. % 


There’s only one complete line, 


and that’s Clark-Ross! 


The one qualified source for materials handiing equipment and 
service is your own local Clark-Ross dealer. He has the right truck 
for your job—because Clark-Ross builds the most complete line in 
the industry. He provides the right kind of maintenance service— 
because he has factory-trained mechanics, genuine Clark-Ross 


parts and ample service facilities. 


Your local Clark-Ross dealer provides the right kind of results, 
too—lowest cost materials handling. Give him the opportunity to 
apply his broad experience to your own handling operations, to 
serve you as your own staff materials handling engineer. For 
countless companies, this has paid off in substantial savings. 
Your Clark-Ross dealer is in business to save you money—make 


it your business to know him better. 


The Clark-Ross Carrier, capacities 10,000 
50, Ibs., speeds up to 56 mph—fast hori- 


Nite ms Vrtaron 





One of the broad line of Clark tractors—drawbar 
pull from 500 to 12,000 !bs., mechanical and 
fluid transmissions available. 


The Clark POWRWORKER, electric-battery power 
—the most compact standard truck on the market 
today. 


"WA isennitdeg ii.g 
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Clark fork trucks, capacities from 1,000 to 26,000 
Ibs., all power types available, cushion or pneu- 
matic tires. 


CLARK 
EQUIPMENT 


Industrial Truck Division 


CLARK EQUIPMENT COMPANY 
BATTLE CREEK 3, MICHIGAN 


Your local Clark-Ross dealer is listed under “Trucks, Industrial’’ in the yellow pages. 
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Your Heavy Handling Jobs| 
will get a lift with 


CHESTER HOIST 


ELECTRIC HOISTS 


Model E: 5 sizes, ‘4 to 2 ton. Flexible wire 
rope-cable lift, pendent push-button control. 
Lifting speeds 15 to 30 f. p.m. 


Model EC: 3 sizes, “4 to 1 
ton. Lightweight, portable. 
Welded alloy steel link 
chain, pendent rope control. 
Lifts adaptable up to 66 ft. 


Chester ‘Spur Geared Chain 
Hoists, 4 to 25 ton...and many 
specials including the Army 
Types, Extended Handwheel 
and Low Headroom Trolley 
Hoists are available. 


Whatever your handling problems... whether you need 
the quick light action and maneuverability of Chester Elec- 
tric Hoists . . . or the solidly dependable stand-by lifting of 
Chester Haad Chain Hoists... there’s a wide selection 
available to meet your exact requirements when you choose 
from the Chester Line. 

Ask your distributor for complete information on Chester 
Electric and Hand Chain Hoists. ..or write to us for 
electric hoist bulletins E-853 and EC-953 and the Chester 
Hoist catalog. 


CHESTER HOIST DIVISION 
The National Screw & Mfg. Company, Lisbon, Ohio 
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MANUFACTURERS’ FREE LIST... continued 


GRINDING OILS—D A Stuart Oil Co, Ltd, 
2727 S Troy St, Chicago, Ill, 16-page brochure 
covers characteristics ard functions of seven 
products, with applications and specific recom- 
mendations for use in grinding and honing op- 
erations where very high surface finish is re- 
quired. 


FORK TRUCK—Barrett-Cravens Co, Crescent 
Truck Div, 4613 S Western Ave, Chicago 9, Ill. 
16-page bulletin contains specifications and di- 
mensional drawings on eight Palletier models 
with capacities of from 1000 to 8000 Ib, avail- 
able in a range of lifting heights. 


SIDE INDICATING PANEL METERS — 
International Instruments, 486 Dirby Ave, New 
Haven 15, Conn. Data sheet gives performance 
information on miniature units, description, and 
specifications. Variety of meters available in 
ranges to meet practically every electrical mea- 
suring requirement. 


MOTORPUMP SELECTION—Ingersoll-Rand 
Co, Phillipsburg, NJ. 15-page Form 7123 is a 
slidefilm in printed form; provides description 
of centrifuga) pump, and operation; selection 
factors for specific installation, problem solu- 
tions, material recommended for various require- 
ments. 


METAL TURNINGS SHREDDER—Gruendler 
Crusher & Pulverizer Co, 2915 N Market St, 
St Louis 6, Mo. 4-page folder illustrates unit 
to shred, grind, and reduce stringy and curly 
steel and alloy scrap into 1-in. shavings for 
disposal, or %-in. shavings for briquetting. 
Specifications and diagrams included. 


CENTRIFUGAL PUMPS—Tri-Clover Machine 
Co, 2500 50th St, Kenosha, Wis. 29-page catalog 
253-D offers engineering data, performance 
curves, capacity charts, seal application, plus 
proper selection and application information. 


OVERHEAD MATERIALS HANDLING — 
Cleveland Tramrail Div, Cleveland Crane & 
Engrg Co, 1127 E 283 St, Wickliffe, Ohio. 12- 
page booklet 2008-K “‘Engineering & Application 
Data” cavers various track drives, cranes, elec- 
trification, buckets, grabs, etc. 


MACHINE SCHEDULING—Remington Rand, 
315 4th Ave, New York 10, NY. 6-page brochure 
KD738 “Sched-U-Graph for Machine Loading” 
contains data on effective systems and products 
that implement them. Covers load ahead of each 
machine, work station, or machine center; jobs 
that constitute the load; scheduled starting and 
completion dates; how much, and when, free 
time is available. 


FIRE PUMPS—Worthington Corp, Harrison, 
NJ. Bulletin W-450-B42 illustrates and describes 
vertical turbine pumps providing adequate inde- 
pendent water supply. Adaptable to variety of 
drives, requires no priming, takes minimum floor 
space, avoids need for long suction . lines. 


HOPPER RACKS—Chas Wm Doepke Mfg Co, 
8813 Blue Ash Rd, Rossmoyne, O. Bulletin ex- 
plains NesTier hopper rack for small-parts han- 
dling and storage. Request on company letter- 
head required. 


SYNCHRO-LECTRIC VISCOMETER—Brook- 
field Engrg Laboratories, Stoughton, Mass. 21. 
page booklet “Solutions to Sticky Problems’ 
deals with how device works, viscosity and tem- 
perature, rheology, flow, and similar subjects. 


TRUCK BATTERIES—Edison Storage Battery 
Div, Thomas A Edison, Inc, West Orange, NJ. 
20-page booklet on nickel-iron-alkaline batteries 
gives data on standard units for industrial 
trucks. How batteries work and why they are 
claimed advantageous are explained. 


FIRE HAZ/ RD PROTECTION—Ansul Chem- 
ical Co, Marinette, Wis. 15 technical bulletins 
cover recommended procedures for protecting 
difheul> and unusual fire hazards. 


EXHAUST PURIFIER — Oxy-Catalyst, Inc, 
Wayne, Penna. 4-page folder describes OCM 
catalytic exhausts, shows several sample appli- 
cations, and depicts advantages of purified ex- 
haust fumes. 


AIR TREATMENT — Westinghouse Electric 
Corp, Boston 36, Mass. 40-page catalog 1620 on 
heating and ventilating, and 40-page 1630 on air- 
conditioning units, provide descriptive, perform- 
ance, layout, engineering, and service data. 
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Here is a neW catalog featuring Euclid Cranes which 
have been the popular choice of discriminating pur- 
chasers for many years. 








It not only illustrates and describes the features respon- 
sible for their outstanding performance and wide 
acceptance but also shows the application of electric 







cranes to industries of various types and sizes. 










Explained also are the features and adaptability of 
various kinds of bridges, trolleys, controls, etc., to spe- 
cific handling problems. 









Everything considered, this is in fact, the kind of infor- nee TBE 
mation with which every production executive will MAIL COUPON FOR YOUR COPY 


Date. 


THE EUCLID CRAWWE & HOIST COMPANY 
1367 Vhardon Road, Euclid, Ohio 










want to be familiar. 
















Write on your letterhead or use the convenient coupon 
for your copy. Gentlemen: 


Please send us a copy of the new catalog 
featuring EUCLID CRANES 


THE EUCLID CRANE & HOIST CO. 
1367 CHARDON RD., EUCLID, OHIO 


Company. 





Address. 








Direct to the attention of. 
‘ 
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LAMINATED SHIMS 


of aluminum 
with all laminations surface-bonded 


This new type of laminated shim brings 


you all the advantages of aluminum-- 























light weight, freedom from corrosion and | 
electrolytic action—in shims that P-E-E-L | 


quickly and smoothly for adjustment. 
They're bonded over their entire surfaces 
and are made just as carefully and ex- 
pertly as the brass and steel laminated 
shims we've been producing for over 40 
years. 


Laminated aluminum is available either 
as shims custom-stamped to your blue- 
print specifications or as laminated sheet 
stock in thicknesses from .015” to .125”, 
sizes to 20” x 48”. Stocks are maintained 
on both the East and West Coasts. 


For free sample of material, further in- 
formation and prices, please write us 


direct. 


ALUMINUM LAMINATED SHIMS 


S) 
I | 


they look “solid” 





yet p-e-e-l for adjustment 


Send today for our Engineering Data File 


SHIM HEADQUARTERS 
SINCE 1913 





3111 UNION STREET+ GLENBROOK CONNECTICUT 


| 





How to 
Handle Turnings 
and Borings 


and 
Reclaim Oil 


Many important firms have 
learned that NATIONAL 
CHIPVEYOR SYSTEMS are the 
answer to their chip handling 
and oil reclamation problems. 
NATIONAL offers a complete 
service for design, manufac- 
ture and installation — includ- 
ing: Pneumatic ChipVeyor 
Systems * Crushers * Batch 
Oil Extractors * Cortinuous 
Oil Extractors * Complete Oil 
Reclaiming Systems °* Bri- 
quette Presses * Mechanical 
Conveyors * Dryers and Stor- 
age Bins. National ChipVeyor 
Systems save money — quickly 
pay for themselves. It will cost 
you nothing for a plant survey. 
Write for informative, illus- 
trated literature. 












A NATIONAL installation at Fairfield Mfg. Co., Lafayette, Indiana 


REPRESENTATIVE NATIONAL INSTALLATIONS 


Bendix Aviation Corp. * Buick Motor Division, G.M.C, 
Chicago Pneumatic 
Firestone Tire & Rubber Co. * 
General Electric Co. * 
International Harvester Co. * 
Standard Pressed Steel Co. 


Tool Co. * Chrysler Corp. 
Ford Motor Co. 
Hyatt Roller Bearing, G. M. C. 
Nash Kelvinator Corp. 


* The Studebaker Corp, 


NATIONAL CONVEYORS 
COMPANY, INC. 


25 INDUSTRIAL AVE., FAIRVIEW, N. J. 


Manufacturers of National Ash Conveyor Systems, 
Furnace Doors and Related Equipment. 





MANUFACTURERS’ FREE LIST . . . continued 


SPACE SAVER—Lewis-Shepard Products, 117 
Walnut St, Watertown, Mass. “Space Wheel” 
chart shows aisle width required for right-angle 
stacking with all types of fork trucks, area de- 
voted to aisles in sq ft, and savings possible 
in cu ft of storage space. 


LIFT TRUCK—Yale & Towne Mfg Co, 220 
Henry St, Philadelphia 15, Penna. 4-page bul- 
letin announces and shows advantages of Safety 
Silhouette truck, in 1-, 114-, and 2-ton capacities 


and featuring 32%4-in. width, low cowl, and 
lowered operator seat. 
ELECTRICAL MODERNIZATION — West- 


inghouse Electric Corp, Box 868, 401 Liberty 
Ave, Pittsburgh 30, Pa. 16-page booklet B-6133 
describes and illustrates advantages for increased 
output, lower operating cost, reduced downtime 
and maintenance. 


ELECTRIC TRANSMISSION TRUCKS 
Automatic Transportation Co, 149 W &7th St, 
Chicago 20, Ill. Brochure describes ‘‘Dynamo- 
tive” gas fork lift truck which has electric trans- 
mission. Specifications given for 4-, 5-, and 6000- 
Ib capacity models. 


FLUID CONTROL—Simplex Valve & Meter 
Co, 2015 S 68th St, Philadelphia 42. 36-page 
bulletin lists all measurement and control equip- 
ment for gases and liquids, illustrating valves, 
gages, meters, and venturi tubes. Applications 
are in power, processing, water, and sewage 
industries. 


FORK TRUCK—Elwell-Parker Electric Co, 
4205 St Clair Ave, Cleveland 3, Ohio. 4-page 
folder describes 2000-lb capacity F-26T, available 
in a 68-in.-lift model and an 83-in. 


MAINTENANCE & STORAGE — Red Tiger 
Producis, 20 North Wacker Drive, Chicago 6, 
Ill. 32-page catalog 1200-R illustrates variety 
of products, including shelving, bins, cabinets, 
workbenches, trucks, paint spray equipment, etc. 





DRAGLINE TRUCKS — Lewis-Shepard, 117 
Watnut St, Watertown, Mass. 4-page folder 
shows Floormaster trucks for in-floor and over- 
head conveyor lines. Features are double-angle 
welded construction, cam release of dragline, 
and sealed wheel bearings. 


UNISORB MOUNTING PADS—Felters Co, 
Unisorb Dept, 228 South St, Boston 11, Mass. 
&-page booklet describes use in machine installa- 
tion, with elimination of bolts, reduction of trans- 
mitted machine vibration, relative cost of method. 


CONVEYORS—Link-Belt Co, 307 N Michigan 
Ave, Chicago 1, Ill. 4-page folder 2470 illus- 
trates piano-hinged apron units in a wide range 
of styles and capacities. 


AIR CONDITIONING—Acme Industries, Inc, 
Jackson, Mich. Catalog explains how water from 
well, lake, or stream can be source of heat in 
winter, cool in summer, for year-round air con- 
ditioning. Typical heat-pump applications are 
illustrated. Six models of Flow-Temp unit are 
specified. 


SAFETY SOLVENTS—Nocon Products Corp, 
62 William St, New York 5, NY. Technical 
bulletin describes line of solvents to replace 
carbon-tetrachloride. Applications, uses, safety 
factors, specifications included. 


METAL NAMEPLATES-—North Shore Name- 
plate Co, Bank of Manhattan Bidg, Bayside, LI, 
NY. Illustrated brochure on Speedy-Cals; can 
be fastened to curved as well as flat surfaces 
without drilled holes. 


ELECTRIC HEATING UNITS — Westing- 
house Electric Corp, PO Box 2099, Pittsburgh 
30, Pa. Data on heaters, thermostats, and snap 
switches for industrial heating units. Wattage 
requirements, voltages. dimensions, and detail 
drawings. Section of booklet helps select proper 
heater for various applications. Booklet B-6161. 


1955 Production Planbook 





MANUFACTURERS’ FREE LIST ... continued 


INDICATOR EQUIPMENT—General Electric 
Co, Apparatus Dept, 1 River Rd, Schenectady 
5, NY. 16-page booklet GEA-5779B covers line 
of oil-tight pushbuttons, indicating lights, selec- 
tor switches, and accessories. Operation and ap- 
plication data, cross-section drawings, photos, 
diagrams, and ordering information included. 


PLANT MODERNIZATION & EXPANSION 
—Walter Kidde Constructors, 140 Cedar St, New 
York 6, NY. 16-page brochure outlines step-by- 
step procedure for analyzing existing facilities 
and arrival at basic cost of proposed moderniza 
tion, 







ELECTRICAL MAINTENANCE INSTRU- 
MENT—Parr Mfg Corp, 44 Austin St, Newark 
5, NJ. 7-page booklet describes Brunt Fault- 
finder for location of grounds in normally un- 
grounded electrical circuits. Illustrated data on 
purpose and operation of several models. 


SELF-FILTERING HOOD FOR BUFFING 
WHEELS—Slonneger Products Co, 1524 Mil- 
burn Ave, Dayton 4, Ohio. Booklet illustrates 
Elim-O-Dust unit by which dust is withdrawn 
and controlled by wind created by revolving 
wheel or belt. Design, operating, and application 
features included. 


LUBRICANTS — Keystone Lubricating Co, 
21st, Clearfield, & Lippincott Sts, Philadelphia 
32, Pa. 8-page bulletin BK-20 covers specialized 
anti-corrosion materials. Application table and 
selector chart, characteristics, uses, specifications, 
case histories, included. 





Practical Ideas 


Selected from regular 
issues of the past year 





---S/leeve 


--=Pin vise 


Drill Tiny Holes 
Without Sensitive Drill 


Simple alterations to a pin vise will help 
improvise an inexpensive sensitive drill. 
Slip-fit a knurled bushing near the grip- 
end of the pin vise, and attach a slotted 
sleeve to the other end of the vise. 
eS Drill a hole near the upper end of the 
pin vise to line up with the slot, and in- 
sert a pin into this hole. When the sleeve 
is held in a drill chuck, the pin will drive 
/ the pin vise. By holding the bushing, the 
pin vise can be moved up or down. 
Ottavio Cerullo, East Boston, Mass 











| 
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PROBLEM 


BUILD A CONVEYOR 
TO CARRY A 10,000 LB. HULL 
























Allis-Chalmers Mfg. Company a: its LaPorte, Indiana 
Works required a conveyor which would carry a 10,000 Ib. combat 
cargo-carrier hull through both the painting and finishing operation. 

Planet Corporation engineered, designed, and installed the trolley 
conveyor pictured below which made use of Allis-Chalmers’ existing 
plant facilities. 

The Planet X-678 Trolley Conveyor has 6” trolley wheels which 
run on a 7” |-Beam track, capped with a 12” |-Beam. Because of 
the tremendous load, the installation is floor supported. 

Special load bars, run-away dogs, take-ups, and drives were 
required, and a safety guard erected capable of withstanding the 
impact of a falling hull. 

Planet also designed and installed additional conveyors to carry 
the hull through final assembly, as well as the conveyors used on 
the engine assembly line. 

Here's another example of why it pays to ‘Plan with Planet’. If 
you have need of “automated” equipment to solve a particular 
production problem why not consult Planet Corporation? Write today. 

























Planet trolley conveyor carrying 10,000 Ib. combat-vehicle hull. 









WRITE FOR CATALOG 







@ CONVEYORS 






PLANET 


CORPORATION 


@ ENGINEERED SYSTEMS , 






Jy @ FOUNDRY EQUIPMENT 






1824 SUNSET AVENUE 


LANSING i 


@ AUTOMATION 






@ STEEL FABRICATION 











FOR PHENOMENAL SAVINGS IN PLANT LAYOUT 


FROM LAYOUT 
WITH NO 


TemPrints are outline prints on 
transparent film, reproducing to 
exact scale the standard ma- 
chines in your plant or made 
to engineering specifications of 
your particular equipment . . . 
TemPrints are also supplied for 
walls, partitions, windows, of- 
fice furniture and shipping 
equipment. 

TemPrint Grids are transparent 


TO BLUEPRINT 
DRAFTING 


sheets cross-lined to '/4” scale 
suitable for layout and floor 
plans. 

When TemPrints are cutout and 
applied to the grids, the result 
is an accurate layout of your 
plant or office. Any number of 
duplicate prints accurately re- 
produced in the same size may 
then be made by processing 
through an Ozalid machine. 


SIMPLY MAKE THE LAYOUT — AND 
THE LAYOUT WILL MAKE YOUR PRINTS 
TEMPRINTS PUT THE PLAN INTO YOUR PLANT 


SCALE INDUSTRIAL MODELS 


Harman has specialized in 
scale models for many years. 
Harman Miniatures are ac- “Oe 

| curate reproductions to scale 7 

, of well-known plant machin- ~_ = 
ery and equipment. All | 
models are dimensionally ac- (@& 
curate — may be identified 
instantly. A special catalog 
is available on request. 


SEND FOR COMPLETE ILLUSTRATED CATALOG TODAY! 


HARMAN ASSOCIATES 


Dept. A-1, Halesite, L. I., N. Y. 





ri 
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Improved 


SAVE TIME SETTING UP 
AND LEVELING YOUR 
MACHINES WITH FAST, 
ACCURATE, SELF-ALIGNING 
LEVELERS! 


You can meet hurry up demands 
for relocation of machinery 

uickly and easily with improved 
EMPC O JACKS. You just raise 
the machine enough to slip 
EMPCO JACKS under the base 
(the number depending on the 
size of the machine). Turn the 
adjusting screw up or down until 
the level indicator reads “zero,” 
and the job's done. 

To reduce vibration, VI-SORB 
mounting pads are available with 
each style EMPCO JACK. Write 
for specifications and prices 


i eMPCA 


*RODUCTS 
THE ENTERPRISE MACHINE PARTS CORPORATION 


| 2740 Bla te)! a wasp Le: . DETROIT 12, MICHIGAN 


Style JD Wedge type 








McGRAW-HIL 


whatever <<. 
your — 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — — — and any type of 
technical literature 


use our speciglists in ——— 
WRITING .. . EDITING 
ILLUSTRATING . . . PRINTING 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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PRACTICAL IDEAS .. . continued 


Air out 


+ 
+ 


7 
J 


NOW YOU CAN GET 

BACK TO THE JOB, CHARLEY--\ HIS NERVE.’ I 

IT WON'T HAPPEN AGAIN’ =) DOUBT THAT 

1 GOT SOL-SPEEDI-DRI CHARLEY'S GOT 

ON THE FLOOR! MEN A BACKBONE 
i LIKE YOU ARE THE LEFT AFTER TO CHANGE 
Locking I" THE SPILLS HIS WAYS! 
serscrews z HE'S TAKEN! 
A 





-o--- 

















\N 





Air “Snorkel” 

Ejects Die Work 

In designing and building dies, especially 
progressive dies, space limitations are 
always present, what with dowels, screws, 
cams, and slides, and it is sometimes dif- 
ficult to find space for an airline to blow 
out the finished piece. 

Here is an arrangement which we have 
used successfully in cases where space 
was limited. We call.it a “snorkel” or 
periscope blower. It consists of a piece 
of drill rod with a central hole and 
one or more connecting holes through the 
side wall. A flat is milled on one side, 
extending to within % in. of one end. 
This flat keeps the air blast pointed in the 
right direction and provides a stop to 
prevent the drill rod from being blown 
out of the hole. Two setscrews, locked 
together, ride against the flat. Air is 
brought in through the side or bottom. 
If the air is brought in from the side, 
as shown, the bottom of the pin is cham- 
fered to reduce turbulence of the air as 
it enters the drillrod pin. Henry George, 
Bronx, NY 





SPEEDI-DRIi CORP, 


Warehouse stocks maintained in 
principal cities of the United States 
and Canada. 
eee 

inquirers in New York, New Eng- 
fand, and New Jersey should write 
to Speedi-Dri Corp. Elsewhere in 
U.S. to Waverly Petroleum Products 
Co., 1724 Chestnut St., Phila. 3, Pa. 
Round-Nose Pliers In Canada, G. H. Wood & Company 


Make Handy Forming Tool : LAs, Tasetn Senses mesh 


Simple steel or brass blocks made as SAMPLE Fill out the coupon and mail today for 


shown fit over round-nose pliers, convert- free sample and literature. ’ 
ing them into a handy wire-forming tool. 


A suggested way to make the block 
might be to take a piece larger than Address 
necessary, and drill and ream a hole 
whose radius is the desired curve. Split- City 
ting the block down the middle along the AM-11/54 
axis of the hole will give two similar 
blocks. Wm Adams, Bayside, NY 
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Practical Ideas... 


Here are 8 pages of prize-winning Practical Ideas, condensed from 
the past year’s issues of American Machinist. The ideas are chosen 
by a group of typical readers, whose vote alone determines the 


winners. 


Needle bearings 


Rectangular holes can be bored on milling machine with this attachment, which will 
make holes of any irregular or regular shape. Cam is filed to shape and hardened, 
and follower, through racks and pinions, moves tool in and out to create desired 
shape. Hole will have slight radius in corners. Allan Clarke, Rochdale, England 
(AM—Aug 17, °53, p135) 


Threading extra-long stock is done by putting self-opening die-head on angle plate 
which is then fastened to apron of lathe. Tailstock center supports outer end of work, 
and must be extra long, to reach through the diehead at the beginning of the cut. 
Allan Clarke, Rochdale, England (AM—July 20, ’53 ) 


Broken center-drills are quickly and 
easily removed with this simple tool. 
With cutoff wheel, grind a slot across 
the end of broken center-drill. The 
edges of this slot will bore around the 
broken tip in the work, which then 
falls loose. A new center can be 
drilled with a fresh drill. Walter J 
Munch, Milwaukee, Wis (4M—Sept 
14, ’53, p172) 








“Re 


Milling machine table 





Rotating flycutter mills spherical seg- 
ments with single-point tool. Work is 
held in dividing head, and aligned 
with cutter. When tool is turning, 
work is rotated, and the segment of a 
sphere is generated. Louis Saiia, San 
Bruno, Calif (A4M—Apr 26, ’54, p136) 
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Horizontal pierce die punches in-line holes after the part is bent. Part is loaded into die, 
and tapered guideposts activate horizontal punches at desired location on vertical surface 
of the work. M Yamaguchi, Kawasaki, Japan (AM—lJuly 6, °53, p160) 








Rotating toolholder shapes die openings. Tool is mounted in shaper, in a rotary table. 
Vertical feed and crossfeed give contour. Rotary table is used to make radii at corners. 
Henry Gifford, Bronx, NY (AM—Mar 1, °54, p126) 
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MANAGEMENT, PERSONNEL A 
MACHINING B 
| TOOLING Po 
PRESSWORKING, 
MOLDING, CASTING e 





INSPECTION, TESTING, 


QUALITY CONTROL 





ASSEMBLY, WELDING, 
PORTABLE TOOLS 





HEAT-TREAT, CLEANING, 
FINISHING 





MATERIALS, COMPONENTS 





_ MATERIALS HANDLING, 


\ oe hig es 


SERVICES 





PRIZE IDEAS, 
REBUILT EQUIPMENT 





PRIZE-WINNING 


Practical ideas 


continued 


Rough 


) 
"tat chip Vi 
Smooth P 
curled chipg--*" 


Gringing 


wheel 
Special tool grind creates smooth, 
curled chip when threading with single- 
point tool. V-shaped grinding wheel 
makes diamond-shaped  chipbreaker, 
with positive rake on both sides of the 
tool. N H Nixon, Sebring, Fla (AM— 
Dec 7, ’53, p168) 


t+ 
im 
Thick driving disk 
for clearance if 


necessary 
Typical 


Oriving disk 


Oril! cranks 








Eccentric-driven gearless multiple drill- 
head uses crankshaft driven from spin- 
dle of single-spindle drillpress. Eccen- 
tric crank drives upper plate which 
causes drills in lower plate to revolve. 
Lower piate remains stationary. Fred 
Lawrence, Northumberland, England 
(AM—Feb 1, °54, p127) 


J2 


- <>) ReCaaS | ih: eS 
- J | 


eae GRE | 


Six-station drillpress made from welded frame with drillheads mounted radially on 
a flame-cut disk. With progressive operations on the same workpiece, appropriate 
tools can be placed in the drill spindles, and, as one operation is finished, the unit is 
rotated until the next drillhead is in place. Clifford Molloy, Bronx, NY (AM—Apr 
26, 54, p140) 


Precision limit switches (accurate to +0.0001 in.) make rapid production gage. 
Switches are set to high limit, low limit, and mean dimension. Lights connected to 
switches show when part is within tolerance, and tell whether part is above or below 
mean. S Kopacz, Jersey City, NJ (AM—May 24, °54, p152) 
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woriperes [ Punch 


-Stripper 





“Tension spring 
START 





Spring-wire mandrel is a piece of piano-wire stretched between head- and tailstock of lathe. 
Spring is wound onto mandrel, using special winding-fixture. This method will wind wire 
to %4g-in. OD maximum. C Y Lee, Taiwan, China (AM—Aug 3, °53, p141) 











ANN | 


ques sce 
AAPA LALO 
d 


Magazine feed speeds second die 

operations. Angular side-cam on 

ram pushes feed-plate toward die, 

forcing work into position. As dic 

descends, work is punched; as die 

ascends, a pivoted plate swings up 
Form tool with contour “wrapped around” outer edge unwinds to create contour on and work is ejected through space 
architectural hardware and similar work. Weight at end of lathe bed takes backlash out in the side of the die. F Strasser, 
of tool setup. Rack and pinion turn tool at correct rate as compound moves along ways. Santiago, Chile (A4M—Mar 15, 
Clifford Molloy, Bronx, NY (AM—Feb 15, °54, p164) 54, p165) 
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Eccentric-lock drilling fixture speeds second operation. Job was to countersink back 
edge of bushings, which were held in place against two locating pins. Handle of 
fixture was pulled into locking position, and cut was made. Edward Schmidt, Berlin 
(American Sector), Germany (AM—Apr 12, ’54, p214) 





Holes to mount work 


~~~~/8-tooth pinion 


‘ 
\ 2° intervals 


/80-tooth gear 




















I 


ss 











Rotary index fixture provides high accuracy. 180-tooth gear meshes with 18-tooth 
pinion which has long pointer. Scale marked in 5’ intervals includes the 2° of arc 
which each tooth of the 180-tooth gear covers. Russell S Wallace & Earl R Morrison, 
Baltimore, Md (AM—Dec 21,:°53, p128) 


J4 


PRIZE-WINNING 


Practical Ideas 


continued 

















Roller-chain links do a variety of odd 
jobs in the shop, guiding bars, rods, 
and cables. Various arrangements of 
the links give more or less flexibility 
to member being guided. Haim 
Murro, Bayonne, NJ (AM—Mar 239, 
°54, p127) 
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Formula for cutting double-lead threads 
is: 

cot 30 x (p/2 + f) + sec 30° xX h=C 
In this formula, p = pitch of thread; 
f = width of flat; h = single-thread 
depth; and C = crossfeed adjustment. 
Set compound at angle of thread, and 
cut first thread to proper depth. Then, 
with compound rest, back tool out 3 or 
4 revolutions, leaving crossfeed dial at 
zero setting. With the formula, find the 
new setting for cross-feed. Engage the 
half-nut, move compound rest in until 
tool touches work, reset both dials to 
zero, and cut second thread. H W 
Holmdahl, Honolulu, TH (AM—Jan 
4, °54, p117) 


7 
fension adjustment screw 


Follower tension spring 


slension assembly secures in lockin 
“ stud hole of toper attochment slide 


t Templet -5 $104 brass 
or CRS 


rJemplet bridge 
- 


spring held by> 


eyebolt 


Roller stud ond roller for 


ce i 8 | 


Internal “steadyrest” cuts boring bar chatter, because capscrews, with bronze or 
ball-ends ride against ID of work opposite tool. H J Gerber, Stillwater, Okla (AM— 
June 21, °54, p147) 


"Y"~ Belt drive to templet r- Tension assembly 


jf Ollower roll mandrel from OD of chuck / ---Templet mandrel 


/:/ with spindle----- FSS Fohlower poll 


r Cont wr templet 
f 3 a Toper attachment 


r: Toper adjustment 











w locking stud 


~irive essombly _---Spring and tension adjustment 
ossembly 
| ft | ——} } 
(| 


Remove cross-feed screw 
locking stud 





; 
\ 
U 




















tof ay mondrel 
__p <-Tension screw 


\ pene ki \ - 1 . -Tension assembly 
. locknut - -\innnmhbk cn ( x mounting bolt 








duplicating attachment 


Tension- wee: 
Mf t 
groove ------- Roller stud 


Roller 


“Cross slide extension 
* for taper attachment 
Spring post- 
locating groove--~ 





\e3 iD aha iia ane ay x 
Cross slide By --- Stud locating sleeve \e wh csi 
extension Locoting sleeve plate tate . -~~--Siide-taper 


for taper 
attachment rt Nv A 





Taper : Wf, / Y, attachment 


Assembly shown for linear contour ottochment--- 
attachment. To convert to duplicating 


attochment, use stud and roller shown above 


Contouring with an engine 


lathe is easily done with these attachments to a common engine lathe. Several 


methods are shown, for different classes of work. C H Winterburn, Jackson, Mich (AM—Nov 23, ’53, p158) 


American Machinist e MID-NOVEMBER, 1954 





Top hole slotted--~ 











Easily adjustable boring bar is designed like a “pre- 

stressed” bridge, to eliminate chatter. To change depth 

of cut, simply turn the adjusting screw on the bottom of 

the flange. N Palmer, Paddington, NSW, Australia (AM 
Nov 9, °54, p166) 


.-Workpiece 
_s 














Interchangeable templets fit onto common drill jig base, to make 

one base do the work of several. Bushing is adjustable for guide- Simple tailstock attachment aids cutting off aluminum 
edge-to-hole spacing, and slides along guiding edge. Stop pins tubing. Three bearings ride on inner surface of work, 
locate bushing along guide. Laurence H Austin, Butler, Penna beyond point where cut is being made. H Koslow, Bronx, 
(AM—Mar 1, '54, p128) NY (AM—May 10, ’54, p175) 


tty, -Limit switch 
{ eh* : Air evlinder 
| 
Knee | “C9 directions ? ] e 
- - i i 6) les | Solenoid & 2 - 
Table ‘, — — 
Sensor | | ' i | 
head" » y ' ri-th 1 Pilot bulb i} § 
»/ Cutter ! cig! } - 
\ * | ‘ = 2 oat 
\ 





Leod-in leg 





Templet \ ‘ 


. Work naninil 11 J) a Seq a] 
Noe, ~--f . . Solenoid fod a . 


‘Runout leg (f TaD Air cylinder 











Schematic Loyout 





Limit switch Fulcrum of -. {7 


existing feed 
lever 








Bracket 
. 














mt 




















Adaptea feed 
shift lever--* 
‘Double-acting air cylinder 
f r2in. 
Sensor Heod 
Feed Control 














Contour-milling attachment replaces following a templet to move along path approximate to templet. C B Weidner, 
by eye and hand. Limit switches connected to follower Allentown, Penna (AM—July 5, ’54, p149) 
arm turn cross- and table-feeds alternately, causing cutter 


1955 Production Planbook 





PRIZE-WINNING 


Practical Ideas 


continued 





Small reamed holes are cut with 
this tool which is a piece of drill 
rod hardened and ground to the 
exact finished size of the work. 
The end of the rod is ground to an 
acute angle of about 15°, and can 
be sharpened by taking a light cut 
across the end face. Walter G 
Holmes, Minneapolis, Minn (AM 
—Sept 28, °53, p153) 



























































‘ 
: 








17 Contour feedscrew 


—>---Bevel feed gears 


r-Connecting rods 





intermediate 
teed-drive gears 





Lothe leadscrew 


,Spring-loaded 
/ idler 


oS 


™-~ Chain drive 
ratio 2:1 





4 fpl- ~~.» gam 


Parabolas can be generated on an engine lathe with this ingenious attachment. Systems 
of gears and threaded screws feed tool at equal speed toward focus of the parabola and 
along bed of lathe, which is the curve desired. Clifford Molloy, Bronx, NY (AM— 


Oct 26, ’53, p148) 


Simple rotary shear on lathe cuts off short lengths of rod. Tool steel blade mounted on circular faceplate 
turns to cut work, which is fed into faceplate by hand.H J Gerber, Stillwater, Okla (AM—lJuly 5, °54, p152) 
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AUTOMATICS 


Brown & Sharpe (1) Model #4 

Brown & Sharpe (2) Model 2G, 1%” 

Brown & Sharpe (8) Model 0G, %” capacity. 
Brown & Sharpe (4) Model 00G, %” capacity. 
Bechler (Swiss) %” capacity. 

Ceco Screw Machine %” capacity. 

Cleveland Model AA-11. Model B. 

Cleveland 1%”, Conomatic 4 Sp. 1%” cap. 
Gibbs, Automatic 

New Britain 4 sp. Model 49. 


BORING MILLS 
Bullard 24” Y.T.L. Spiral Drive 
Bullard 8”—8 spindie, Muiti-Matic 
Cleveland 2%” Bar Cap., Defiance 33%,” Bar 
Giddings & Lewis #32, 3” capacity 
Kings 42”, 72” Vertical 2 rail heads 
Lucas, Mod 41—3” Hoz. Boring Mill 
Niles-Bement-Pond 4” 44,” Bar, 60” Vert. 
Ohio 5” Bar, Universal 3” 


BORING MACHINES 
Heald Borematic Model 46B 
Heald Borematic Model 49 & Mod. 48A 
Simplex Stoker Units, double end 
Excello Mod. 2112A Double Spindle 
Excello—6 sp. Hyd. Inclined Type 


DRILLS AND RADIALS 


American 6'x15", American 6'x17”, 3’9” 
Baker No. 321 Vertical Boring & Drill 
Barnes (1943) Multiple Sp. 

Buffalo #2 Motor Spindle, #16—4 Sp. 
Buffalo: Power No. 41, No, 42 RPMSTERS 


Cincinnati Bickford 615” col. 3’9” 
Cincinnati Bickford 24” Super Service. 
Natco #12, 20 spindle. Model B2A—10 Sp. 
Natco DS, 14 Spindles. Mod. E5 Hyd. 
Leland-Gifford 2 LMS, 3MS 


ENGRAVERS 


Gorton #ME, 3U, 1D, 3Z, Deckel GIL, G1, G2 
Gorton Graduating Mod. #687-1 

Gorton P13 3 Dimensional Like New 

Gorton 31, 3 Dim. 

Preiss UE-3 

Taylor-Hobson 3 dimensional Pantograph 


GRINDERS, MISCELLANEOUS 


Brown & Sharpe #2 Universal 14”x28”, #3 
Univ. 

Brown & Sharpe #5, 3”x18” Cylindrical 

Brown & Sharpe #13 Universal Tool & Cutter 

Bryant No. 5 Int. Chuck 

Bryant No. 24-36 Internal. 

Cincinnati 6x18” Hyd. #4—Centerless—#2 

Douglas Tool & Cutter 8”x15” 

Gardner Dise Grinder 30” —15 H.P. Motor 

Grenby, Mod, 1G-1 & 1G-2 Internal. 

Hanchett Mod. 228-BD Double Sp. Disc. 

Heald 72A3 Int. Centerless Sizematic 

Heald No. 50, Internal. 

J, & L. Thread; TG 615, Lempco 54” Swing 

Landis Type C 6x18 Hyd. 

Landis 6”x30” Type C Cyl., 10x24 Univ, 12x30 

Norton #2 Tool & Cutter, No. 1 Tool & Cutter 

Norton Type C 6”x18” Semiautomatic cyl. 

Pratt & Whitney R6—Radius 


GRINDERS, SURFACE 


New 9x24” Hyd. Feed 10x8”, 6x18 

Abrasive 8x24”, #33 Vert. & #34 

Brown & Sharpe #5, #2 with Chuck 

Covel No. 78 Hyd. 

Gallmeyer & Livingston—Model No. 25—6”x18” 
Heald No. 25—Hyd. 

Heald 22—12” chuck, Arter 12”, Covel No. 15 
Norton 6x18 Hyd, #15 Covel Hand. 

Portman 12” Chuck Rotary 

Pratt & Whitney 12x36” Vertical 

Thompson 6x18, Reid 2A, 6x18 


GEAR EQUIPMENT 


Barber Colman Type “A" 

Barber Colman #18 Hob Grinder 

Barber-Colman Mod. SHS, Sharpener 

Barber-Colman #3, #2, #12 (3) also Type S 

Cleveland Mod. 145 Rigid Hobber 

Fellows High Speed Shapers 712, 725, 71, 7, 
61A 

Gear Grinder Mod. GG 32-B-16” 

Gleason Gear Rougher 

Gleason #2 Surface Hardener, No. 3 Gear 
Tester 

Gleason #3 Spiral, #3 Straight Bevel 

Mikron No. 79 Gear Hobbers 

Michigan Univ. Hob & Cutter Relieving 

Pratt & Whitney Mod. M-1257 Shaver. 

Sykes 2A Generator 


HACKSAWS & HEADERS 


Marvel Mod, 6A Automatic—6”x6” Cap. 
Marvel Mod. 9, Auto, Load. 10”x10” Cap. 





LAKE ERIE 
PRESS 
500 TON 


25” Down Mov- 
ing Ram, Stroke 
42°’ Daylight 
48”, AIR Cushion 
175 Ton with 15” 
Ram, 18” Stroke 
50 HP Motor and 
Pump 





SOUTHWARK 
PRESS 


14” Ram, Down 
Stroke 24”, Day- 
light Platen to 
Bed 50°’. Bed 
33”x28”. Platen 
28’’x25"’. Air 
Cushion 88 Ton 
with 18” Stroke. 
40 HP Motor and 
Pump 


PRODUCTIVE HYDRAULIC AND AIR PRESSES 


, CHAMBERSBURG 
; CECOSTAMPS 


NEW — 1945 


1 — 96’’x60"’ 
max die area, 
48” stroke. 


1 — 120’’x96”’ 


max die area, 
60” stroke. 


AIR OPERATED. 
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OUR GUARANTEE 
Every Machine Sold by Us 
Must Satisfy You —Or it 





eive Truckloads of Machine” 
< 
p US YOUR REQUIREMENT 


SEN 





Peerless 9”x9”—and 12”x12” 

Rasmussen 10”x10”—4 Speeds. 

Manville Header Mod, 188C—3/16 Cap. 

Waterbury Farrell Header Mod. 514— 
3/16” Cap. 

Waterbury Farrell No. 249 Header 4," Cap. 


LATHES 


American 12”x30”", Bridgeford 36”x20”, 
32”x16’ 

Cincinnati 22”x10' & 24”x11’ 

Gisholt Simplimatic 18”x16%_", 2 Tables 

Hendey 12”x42 and 12x30”, 16x160” 

Le Blond Regal 10”x3’ bed, 13x42”, 17” 
Late type 

LeBlond 25/50x96” Gap, Late type. 

Lodge & Shipley 22”x30”—24”x96” 

Lipe Carbo 12”x18”, 14x36", 15’’x30" 

Lodge & Shipley #3A Duomatics 

Pratt & Whitney 16”x60, 10”x20”, 16”x36 

Monarch Magna-matic 14x54” 

Reid 6WSL and 9WSL, Small Piece. 

Rivett Model 918 Precision. Mod. 715 

Putnam, Sliding Gap 22” /46”x92” 

Sebastian 14”x6”, So. Bend 13”x42”, 14’’x28” 

Seneca Falls Lo-Swing 8”x106 

Seneca Falls Lo-Swing 8”x104 

Sound Bend 13”x5’ O.C.G., 10”x3% Taper 
Aft. 

Sundstrand Auto. Stub 18x27” 


Cincinnati Hydramatic Miller 


MILLS, PLAIN, UNIV. PROD. 


Brown & Sharpe #0 Omniversal, #000 
Production 


polly 


Brown & Sharpe #2B Plain, No. 2, 3A, 21, #2L 

Cinn, 08 Rise & Fall, 2-24 Automatic 

Cincinnati Hydromatic 56-96 

Cinn, #3, 4 Plain, #18 Mfg. #5-48 Hydro. 

Kent Owens IV, 1-8, 1-14, IM, 2-20 

Milwaukee 2H Universal 

Milwaukee #2B, Plain & Univ. 

Sundstrand #00, 0, Rigidmils 

Sundstrand #3A Rigidmi! with copying Attach, 
33 

US Multi-Millers Mod. MM-1 

Van Norman #21 Univ. 

Van Norman Mod. 1-18 

(8) Van Norman #12—Hor/vert—No. 36, 22 


MILLS, VERTICAL 


Brown & Sharpe No. 2 

Bridgeport Model BH 

Cincinnati (2)—1-18 Plain Automatic 
Cincinnati No. 3 Hi-Power 

Cincinnati No. 4 Hi-Power 

Cincinnati #3, 08 Vertical 

Cleveland No. 1 

Gorton 8D Super Speed, 84D, 9J 
Maximiller No. 2 

Milwaukee 4K & 2K 

Morey #12M Profiler, 2 sp. #2 Maximiller 
Reed Prentice Vert. Mill & Die Sinker Mod. 3VG 


200 TON 
FERRACUTE 
PRESS 


With air cush- 
ion bed, 40x- 
472-51” be- 
tween up- 
rights, double 
geared. 


Bliss 650 Hi-Production Presses 
Bliss 18, 19, 21, OBI, 53, 62, 162, OB 
Bliss #78% 330 Ton SS, Bliss 74% 


May be Returned 
Within 30 Days 


way 











af 
> RN 


Bliss 5-48 Dbi. 32x48” bed, Cushion 
Hamilton 850 Ton S.S. Bed 27x48 

Hamilton 110 FM Die Tryout Press 

Henry & Wright 50 Ton Dieing 

New 85, 60, 55, 30, 20, 15, 10, 5 Ton O.B.!. 
Niagara Mod, 688. S.S. 

Niagara No. 13—Horning 

Stokes Tablet Presses, Mod. R, RD3, RDSS, DDS 
Thomas 56 Ton O.B.I. 

Toledo $.S. No. 93D—33”"x54” bolster 
Toledo S.S. No. 93-C 33x47, bolster 
Toledo S.S. No. 93-B. 33x36 bolster 
Walsh No. 3 0.8.1. 23 Ton, L1 #3 

Z& H #4, O.B.I. 20 Ton, 36-6 Back Gear 


TURRET LATHES 


Bardons & Oliver #2, 3, 7 Bar Feed 

Gisholt IL, 3L Chucking 

Gisholt 2L, Cross Slid. Tur. & Hardinge DSM-59 
Gisholt #5, Bar Feed, Plenty of Tools 

Gisholt No. 4 Preselector 

Gisholt No. 4 Preselector 

Jones & Lamson Mod. 8A, No. 5 

Oster Mod, 601WD & 601DD 

Potter & Johnson—Mod. 6DR & 6DREL 

Warner & Swasey #1, 1A, 2, 2A, 3, 3A, 4, 5 


MISCELLANEOUS 


Band Saw: New Kal & Joh . Grob. 

Bending Roll: Reed-Power 5”, 48” —8 ga. 

Bolt & Pipe Threader: Landis, Oster-Williams 

Broach: New 6-Ton Horizontal, 11 Ton Vertical 

Hacksaw: Peerluss 6”x6”, Racine 6”x6”, 
Marvel #9 

Rolis—Reid Drop End Mod. 504—48"x8 ga. 

Rolis—Lown, Niagara—4’ 

Tishken 10 sp, Roll Former 

Tishken—10 sp. Rolling Mill 

Tappers—No. 1 Bakewell, Haskins 1-HA 

Tappers—Warner & Swasey No. 10—1A 

Tappers—Bodine Mod, 48—20 





45 Crosby St., New York 12, N. Y. WOrth 4-8233 
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in mild steel. for. 
(Photo of similar machine) (Actual photo) 


1532 TRUMBULL AVE. 





FARNHAM 20° x 3/16" 54” CINCINNATI "Hy- 
Forming Roll, Model pro” Vertical Turning 
2015-EXXX. Serial No. and Boring Mill. Power 
9-41-11, Capacity rapid traverse. Serial 
3/16” Aluminum; %" No, 6139. 25 HP Mo- 


PRODUCTION & EQUIPMENT CO. 


> 


DETROIT 16, MICHIGAN 








LATE MODEL MACHINE TOOLS 


ro ye a 16” x Bradford Toolroo 

No. RPLE—6” Acme-Gridley Chucker—1939 42” x we Lodge & Shipley Ge ome Head 

5. it tn 9 Set 

0. rown arpe— 

No. 00G Brown & Sharpe Threader—1948 20” Lodge & ripley _- a 
2 


: No. 3A Shi 
BROACHES No. 1FU Foster Fastermatic—194: 
HP-100 LaPointe Hydraulic Horizontal—1945 
V2-6 Ton American Vertical—1940 


DRILLS—RADIAL 
411” Rocco #5 M.T.—New 


GEAR EQUIPMENT 

No. 7 Gleason ‘“‘Revex” Rougher—1943 

No. 6 Gleason “‘Revacycle’’ Generator—1940 
No. 12 Gleason Generator R & F—1942 
3” Gleason Bevel Gear Tester——1941 0. 2A Wi & Swasey 
No. 61 Fellows Gear Shaper-—1942 . SR Gisholt Saddle—1943 


GRINDERS MILLS—BORING 

1-48" Norton Plain Hemy Duty—iod2 ples hema 

14"% orton Plain Heavy Duty— 
ree, Soe Gee ao X18. Ginga tn 1042 

0. rown pe Universa 

No. 2 Cincinnati Centerless--1945 No. 33 Sundstrand Vertical Rigidmil—1942 
Ne. Sl Heald Sizematic—1942 MILLS—TOOLROOM 

No. 72A3 Heald Plain Hydraulic—1942 No. 12 Van Norman Ram— 

No. 2436 Bryant Plain Hydraulic—1942 No. 2L Alcera Plain—1953 
6"x18” Brown & Sharpe—Late No. 2 Saimp Vertical—1953 

odel “A” Thompson Hydraulic—Late No. 3VG Reed-Prentice Vertical—1940 

1943 PLANERS 

30” x 30” x 10°0” Cincinnati Hypro S.H. 
oe esses 36” x 80” Cincinnati 
No. 35 Excello Precision Thread—1942 
650 Ton Verson Bort - ~ emptied 
GUN BARREL MACHINES No. 166 Toledo $.S. 

tS SS © eee No. 68/2, Taledo $3 

0. x eamer—La Clevel: ” Throat 
4B x SOP aWR land D.E. & Shear—54 roa’ 


SHAPERS 
LATHES—ENGINE 32” Ohio M.D. 
12” x 54” Le Blond Toolroom—Late 32” Gould & Eberhardt——M.D. 


Partial Listing—Write for Stock List 





+R AN . NEW ak itw 


t-woOR 





PRESSES —HYDRAULIC 


= <P ait (Less Pump) 

5” x ‘2 

*350 Ton FASTRAVERSE 50” x 20’. 

*500 Ton WOODS 8’ x 6’ (clear). 

*700 Ton CLEARING 5 x 12’ Triple 
Action 

1200 Ton BIRDSBORO 30” x 36” 
15’ Table—For Straightening. 

1500 Ton FARREL 40” x 54” Up- 
stroke. 

*2500 Ton LAKE ERIE 5’ x 10’. 

*3000 Ton W.GW. Y x 146” Triple 


Ac. 
(* = LATE MACHINES) 


KINGS COUNTY MACH. EXCH. 
408 Atlantic Ave., B’klyn 17, N. Y. 
Dept. A 

















3—USED FELLOWS MODEL No. 615A 
GEAR SHAPERS 


EXCELLENT CONDITION 
Serial Nos. 23587 and 23588, built new in 
1943—Serial No. 17933, built new in 1939. 
These machines have a maximum gear di- 
ameter of 18” x 5” face and are used for 
cutting external and internal spur and 
helical gears. 

FOR RENT OR SALE 
MACHINERY & ELECTRIC MOTORS CO. 
743 W. Lake St., Chicago 6, Ill. 
Dearborn 2-1505 
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In UNITED'S 


MACHINERY 


were 


REBUILDING 





ENGINEERING 


OxieF” BROKERAGE 


LIQUIDATION 


OS AVAILABILITY 

















79 Thomas St. 





Chain Of Service 
To The Metalworking Industry 


NO 
WEAK LINKS 


In our warehouses are stocked the finest and best 
conditioned used machine tools available. Every item 
is guaranteed as represented, and each is fairly priced. 


United's rebuilding service is tailored to your demands. 
A completely modern and well equipped machine 
shop is maintained. Specifications and tolerances are 
held to conform to customer’s requirements and manu- 
facturer’s standards. 


The broad engineering facilities of United enable us 
to redesign your machinery so that it can perform new 
duties and operate more efficiently to save you dollars. 


If you have machinery to sell, and cannot find a custom- 
er, allow us to operate as your middleman. United’s 
sales force, through its nationwide contacts, has proven 
time and again that it can find buyers for your sur- 
plus equipment. 


When used machinery is no longer required by your 
plant, contact United Machinery and Tool Corporation. 
We will purchase outright or efficiently liquidate a 
complete plant, or a single department. 


Although we are located in the “Bay State”, our staff 
will gladly travel to the four corners of the globe to 
aid you in your machine tool requirements. A moment’s 
notice will have an expert on his way. 


MACHINERY & TOOL CORPORATION 
Telephone 6-7171 


Worcester 8, Mass. 
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INTERSTATE... the 
DEPARTMENT STORE 


PRICE 


All important factors to you, all part of Inter- 
state’s way of doing busi Two th d metal 
working machines are in stock at all times. . . one 
of America’s most diversified stocks of machinery. 
Write today for our latest catalog . . . ask about 
the convenient Rental or Pay-as-it earns plans. 


HUNDREDS OF PRESSES IN STOCK 


Presses of all types, sizes and makes. 
interstate’s sales engineers can ‘“‘suggest’’ 
the best press for your stamping job. 
Send for our new booklet “‘How to Choose 
the Right Press.”’ It’s free. 





COMPLETE SHOP FACILITIES 


This 7” Giddings and Lewis planer type 
boring mill is one of the largest in any 
rebuilding shep. This, and our standard 
toot room equipment enable us to re- 
build, or in some cases re-manufacture; 
equipment of all types and sizes. 


Interstate Machinery Co., Inc. 
1439 W. PERSHING RD. + CHICAGO 9, ILL. 
PHONE YARDS - 7-5800 





FINE LATE TYPE GUARANTEED TOOLS | [Aca-meemiiee 


WELDING PLATENS 


LATHES C13-H NATCO Hydraulic, 12 spindle, 2’ upper 
14” x 30” centers MONARCH Toolroom, collets, joints 3s a 8 es 


chucks, taper attachment, new 1943 or > : yr tat 
28" x 15’ centers BERTRAM (Niles), 2 carriages, . Mews tamer, ae” tna. SHE mote No. 


taper, chucks, new 1943 
GRINDERS 


x 10’ centers NILES Heavy Duty Geared 
Head, forced feed lubrication, power rapid 

16/20" x 36 NORTON Type ‘’C’’, raised in 
sand, new 


traverse, new 1927 
MILLS T 
16/20” x 72’ NORTON Type “C”, raised in 


No. 2H Milwaukee Plain Horizontal, New 1943 

No. 2MI CINCINNATI Vertical, new 1951 

No. 3 CINCINNATI High Speed Dial Type Ver- 
tical, new 1951 

No. 4CH KEARNEY G TRECKER Vertical, mono- 
lever control, new 1951 


TURRET LATHES 
No. 3 WARNER G SWASEY, bar feed, new 1942 
No. 4 WARNER G&G SWASEY, preselector head, 
bar feed, new 1942 
No. 4L GISHOLT, 1212” spindle, cross sliding 
turret, new 1948 


SHAPERS 
16” GOULD G _ EBERHARDT Industrial, SHP 
motor, new 1943 
— Hydraulic Openside Shaper, new 


DRILLS 
3’—9”" column AMERICAN Triple Purpose, AC 
motor on arm 
4’—11” column FOSDICK Sensitive, new 1951 
5’—13” columm CARLTON, AC motor & gearbox 
on base 


sand, new 

16/40” x 120° NORTON Gop Grinder, gop 19° 
long, new 1941 

10” x 36” LANDIS type “CH”, plunge cutting, 
shoulder grinding attachment, new 1946 

No. 6G SELLERS Drill Grinder, new 1944 


MISCELLANEOUS 


24" BULLARD Vertical Turret Lathe, Serial 
10,000, rebuilt 
42” BULLARD Verti ‘al Turret Lathe, extra high 
columa, 25HP AC motor, rebuilt 
12’ —34"" NIAGARA Shear, new 195) 


1695 GENESEE ST BUFFALO 11,N.Y 











Natco Nos. G5 & 12C Drills. 

B & S No. 2 High Speed Automatics. 
B & S Nos. 2A & 3A Mills. 

Ingersoll 36”x36”x12' Adj. Rail Mill. 


D. E. DONY MACHINERY CO. 
4357 St. Paul Bivd., Rochester 17, N. Y. 








10’ BETTS 


VERTICAL BORING MILL 


CLARENCE J, O’BRIEN - 
1032 Commercial Trust Bidg. 
Philadeiphia 2, Pa. 
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Semi-Stee!l Blocks for layout, weld- 
ing, assembly work, etc., with ma- 
chined working surfaces; also tools 
and accessories, including a full line 
of clamps, drift pins and dogging 
devices. Standard and special stands 
can be supplied. A Four-unit set-up, 
joined and mounted on stands, is 
shown above. 
WRITE TODAY FOR LITERATURE 


ACORN 
IRON & SUPPLY CO. 


at Poplar .Street 





nsylvania 
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Telephone 
BAKER 988! 


_MACHINERY COMPANY y TER 


Every Item Guaranteed as Represented 


LATHES 


27x18’ MONARCH “N” Geared Head 
Lathe, 11’ centers, Taper Attach., Full 
Equipment, Late Type. 1942. 


24x12’ BOYE & EMMES Timken Bear- 
ing, Geared Head, Lathe. Late Type. 


27x16’ NILES, BEMENT, and POND 
Geared Head Lathes, 9’ centers, M.D. 


24”, 36", 42" BULLARD Vertical Turret 
Lathe, New Era, Turret Head, Side 
Head, Motor Driven. 


No. 601 W.D. OSTER Motor Driven 
Turret Lathe, 142” capacity, Late. 


1A WARNER & SWASEY Turret Lathe, 
Heavy Duty, Power Chuck Wrench, 
Timken Bearing, M.D. 


No. 2, No. 3, No. 5, No. 3A WARNER & 
SWASEY Geared Head Turret Lathes, 
Bar Feed, Motor Driven. 


24”x10' AXELSON Geared Head, 
Heavy Duty Model “E” 28” Actual 
Swing, M.D. Taper Attachment. 1942. 


























No. 7 BARDONS & OLIVER Universal 
Turret Lathe. 2/2” capacity. Preselec- 
tor Kead, Late Type. 


No. 00G BROWN & SHARPE High Speed 
Automatic Screw Machine, Motor Driv- 
en, Late Type. 


No. 1 LaPOINTE Motor Driven Horizon- 
tal Broach, 5 tons cap., 38” stroke. 


50 HP. CHICAGO PNEUMATIC Air Com- 
pressor. Type NSB, 253 CFM, Piston Dis- 
placement. 


10”x10” RACINE No. 30-C Hydraulic 
Heavy Duty Shear Cut Power Hack 
Saw, 1946. 


10’x10 ga., 10’x 4’ WYSONG & MILES 
Power Squaring Shears, Motor Driven. 

















10’x10 ga. CINCINNATI Power Squaring 
Shear, many extra features; NEW 1948. 





No. 7A THOMAS open back inclinable 
Press 80 Ton cap. Flywheel M.D. 1948. 


600 ton NILES-BEMENT-POND Motor 
Driven Wheel Press, 86” between 
strain rods, 14’ cap., 17” diam. ram. 








No. 5, No. 7 JOHNSON 0O.B.I. Presses. 
56, 79 tons cap. M.D. Flywheel & Geared 


Type. 





MILLING MACHINES 


No. 2-18 CINCINNATI Plain Auto. Mill- 
ing Machine, M.D. Late Type. 








12x36” LANDIS Universal Cylindrical 
Grinder, Excello Internal Spindle, M.D. 





No. 2 KEMPSMITH Horiz. Maxi-Mills, 
Motor in base, Vert. Head. 


6”x18" LANDIS Type “C’ M.D. Hyd. 
Cylindrical Grinder, Serial No. 29196. 





No. 08 CINCINNATI Vert. Mill, Plain & 
Rotary Table Type. 

No. 3B KEARNEY & TRECKER Vertical 
Milling Machine, Motor in base. 

No. 0-8 CINCINNATI Rise & Fall Horiz. 
Mill, Late Model. 

No. 3B KEARNEY & TRECKER Horiz. Mill, 
Double Overarm, Motor in base. 

No. 2M CINCINNATI Universal Horizon- 
tal Mill, Full Equipment, M.D. 

















96” x 86” x 28’ NEWTON PLANER 
TYPE MILLING MACHINE. 2 Heads 
on Rail; 2 Side Heads; Pendant 


Control; Late Type; Inspect under 
power. 





DRILLING MACHINES 
4'x15" Column CINCINNATI-BICKFORD 
“Super-Service” Radial Drill, Motor on 
arm, Box table. 


No. 262 BARNES Motor Driven Sliding 
Head Drill Press. 2 cap. in steel. 
1941. s 








No. 2 M.T. Six Spindle. ALLEN Type KH 
Drill Press, individual Motor Drive, Late 
Type. 1943. 


No. M200 DEFIANCE Prod. Drill, 2” cap., 
No. 5 M.T., 26” swing, 1942. 








4 ARM, 15” COLUMN CARLTON RADIAL 
DRILL. 48 SPINDLE SPEEDS 15-1500 RPM. 
MOTOR ON ARM. 1943. 


Ya, 1Y2 BUFFALO FORGE Universal Iron- 
worker, Notcher and Coper, M.D. 


6’x 4" VERSON Power Press Brake, 8’ 
overall, late type. 100 Tons Cap. 1942. 












OVER 1000 MACHINE TOOLS AVAILABLE IN STOCK ¢ SEND US YOUR INQUIRIES 





6”x18"' NORTON Vertical Hydraulic 
Surface Grinder, complete with mag- 
netic chucks, coolant systems. Late. 
No. 1TG615 JONES & LAMSON Thread 
Grinder. Late, M.D. and TG843. 

No. 208 BESLEY Motor Driven Disc 
Grinder, 26” wheels. Late Type. 











12”x36" MATTISON M.D. Hydrau- 
lic Surface Grinder, 15 HP Spindle 
Motor. 








No. 22 HEALD MOTOR DRIVEN ROTARY 
SURFACE GRINDER. 12” Magnetic Chuck. 
Late Model. 


20”, 24”, 28” GOULD & EBERHARDT 
V-Ram Shapers, M.D. 

No. 194 BARNES Vertical Hone, 4” 
capacity, 12” stroke. Motor driven. 

30 K.W. LEPEL High Frequency Induc- 
tion Heater. 

No. 8LS FELLOWS M.D. Gear Lapping 
Machine. With Detachable Head, Uni- 
versal Work Support. 














No. 20 WATERBURY FARREL Thread 
Roller, 4%” cap., 1944. 








15’ x 10’ x 36’ BETTS PLANER, 
DOUBLE HOUSING, BOX TABLE, 
2 Swivel Heads on Rail; 2 Swivel 
Side Heads; Pendant Control Var- 
iable Speed Main Drive Motor, 
75 HP. Inspect under power. 
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= FALK. 
BUY ‘AR ROCHES,, - 



















WORLD’S LARGEST STOCK 


STAMPING PRESSES 


GS UAR AN TEs O 


REBU! 


BLISS 
CLEARING 
CLEVELAND 
FERRACUTE 
HAMILTON 
LaJ 
NIAGARA 
TOLEDO 
V.& O 


JOSEPH HYMAN 


LIVINGSTON & ALMOND STS. 


PHILADELPHIA 34, PENNA. 


TIOGA, 


& SONS 


OPEN BACK INCLINABLE 


STRAIGHT SIDE 
(Single-Double Crank) 


HORNING 
KNUCKLE JOINT 
STILES TYPE 
TOGGLE DRAWING 
CAM DRAWING 

rel kXe) 


SQUARING SHEARS 


PRESS BRAKES ' 
pK 


Phone REGENT 9-7727 





33 Yrs. of Machine 


% Every Machine Fully 
Guaranteed 
% Prompt Action on 
every inquiry 
AUTOMATICS 
BAIRD—76H Automatic Chucker—1943 


BROACHES 


5 x 42 CINCINNATI DUPLEX Vertical 
Hydro Broach 

#5 FOOTE-BURT Continuous Chain 
Broach 


GEAR MACHINERY 
No. 13 LS type FELLOWS Lapping Ma- 


chine 
No. 8 FELLOWS Enveloping Gear Machine 


GRINDERS 


72A HEALD Gagematic—1945 
#4 BROWN & SHARPE Universal—Late 
#2 CINCINNATI Univ. Cutter & Tool— 


Late 
#22 COVEL Cutter & Tool—1945 


JIG BORERS 
#3B PRATT & WHITNEY—1943 


Ld 


Tool “Know-How 


LATHES (TURRET) 


#3A WARNER-SWASEY—Chucker-Cross 
Sliding Turret 


MILLS 


1-14 KENT-OWENS Hydraulic 
ay: CINCINNATI Hydromatic—Late 
08 CINCINNATI, Horiz. Rise & Fall 
#3K MILWAUKEE K & T Univ.—Late 
3 SU MILWAUKEE K & T Uni. 
4 K & T Vertical 
#5 CINCINNATI Plain, Rectangular 
Overarm & Vert. head 


56 x 96 CINCINNATI Hydromatic—10’ 
table—Late 


PRESSES 
A 5% NIAGARA Geared O8!—136 Ton 


MISCELLANEOUS 
EX-CELL-O Double End Drill (Comparable 
to #54 EX-CELL-O) Serial #22906. 
1942. Table: 16” x 45”. 
47A HEALD Borematic-—1944 
EX-CELL-O Model DB-102 Double End 
Boring—4 M.D. heads 
#54 EX-CELL-O Way Type Drill & Bore 
#7A CINCINNATI Auto. Gear Cutter. 
REBUILT. Cap. 84” x 24”. 


*75 HP Ingersoll Rand Air Compressor 
*Excello Double End Boring Machine 
*H-3 Barnes Hydram Drill Press, Sgl. Spdi. 
*#12 Fellows Gear Shaver 


*#15 and Gleason Gear Quenching Presses 
Har Weaid’ internal Grinder 


*2#16 x #16C16 Bryant Internal Grinders 
*6 Oz. and 12 Oz. Watson Stiliman inj. Molding 
Machines 





Some ~ ey ae 

18” x ” Meuser Geared Lathe, with 

taper peg 3 chucks, an to feed, 
motor and controls. 











*#08 Cincinnati Horizontal Production Mills 
*2£34/36 Cincinnati Hydramatic Prod. Mill 
#8E Bliss D.C. Press, 250 Ton, 42 x 108” bed 





#94 fg Toledo 175 Ton a Saar 


#667 Haitian, 37 i7s'T 2D” stroke, 38 x 67” 
Shut height, air 











“s .. ¢ Ton Leng I 0.8.1, Presses, Brand New 
ng Shear 


Come 3 Stohi Power Squari 
“1 Bokewe! apper 
*2#2G Morey Turret Lathe, 1” Capacity 





72” McKay Roller Leveller, 1942 Machine, Ye" 
to 2” Cap. Four Nigh, With Extra Rolls, 
Excellent condition 











PAUL'S MACHINERY COMPANY 


6103 Vermont Tyler 76300 Detroit 8, Mich. 














BRIDGE CRANES 


ARNOLD HUGHES COMPANY 


2765 peneneeer BLDG. DETROIT, MICH. 
OODWARD 1-1894 


INTERNATIONAL MACHINERY COMPANY 


3131 E. Jefferson Ave., Detroit 7, Michigan—LOrain 7-6580 




















514 1955 Production Planbook 































@ astern Rebuilt Machine Tools 


THE SIGN OF QUALITY—THE MARK OF DEPENDABILITY 


another FIRST for Gastern 


Again Eastern Is First To Use FORMICA 
Ways In Rebuilding And Modernizing . . 
- «+--+. Without Additional Charge. 





The phote shows a 3” horizontal boring 

mill that was rebuilt in our shops and Formica 

Ways added to the saddle as shown by the 

circles and to the ways on the cross table as 

shown by the arrows. Formica ways were also 

added to the tailstock which is not shown in 

FORMICA the photo, and to the sliding ways of the 

WAYS spindle head. 


REMEMBER, as you study the partial list- 
ing of our stock that follows that Eastern 
will rebuild your machine tools equal to new 
and will modernize the machines with Formica 
wherever possible. 





BORING MILLS 18x66” Landis Universal, 1942 


42” King Vertical, side head and rail head, new 1940 
\3 54” Cincinnati Hypro, two rail heads, new 1943 


_. 6” Niles Horizontal Floor Type, Brand New, never used, 


1954 


AUTOMATICS 


Clevelands, all new 1940-44, 1-1/16” to 8”. 
5DELX and 6DRELX Potter & Johnstons, new 1943 


DRILLS 

Four spindle Leland-Gifford with power feeds, new 1943 
115U Moline Multiple Spindle, hydraulic, new 1945 
4’—11” col. Morris Radial, new 1942 
6’—17” American Radial, new 1935 

’— 19” Cincinnati-Bickford Radial, new 1938 


i GEAR MACHINERY 
615, 645A3, 7, 712, 75 Fellows Gear Shapers, all late 
Type A Barber-Colman Hobber, 1941 
, No. 3 and 12 Gleason Bevel Gear Generators 


, GRINDERS 

i. 10x24” Landis Universal, 1941 

, 12x48” Norton Universal, 1942 
14x72” Cincinnati Universal, 1944 


ee 










e Avenue, C 


1004 Tennes 


American Machinist « MID-NOVEMBER, 1954 





ABOVE ONLY A PARTIAL LISTING 
SEND FOR COMPLETE STOCK LIST 


THE EASTERN MACHINERY 


10x36” Cincinnati Model ER Plain Cylindrical, 1943 
18x72” Norton. Plain Cylindrical, 1944 
12x28” Landis Universal and Tool Grinder, 1941 


ENGINE LATHES 
14x30” Bradford, 1942 
18x96” Sidney, 1943 
20x72” Sidney, Timken 
30’xY LeBlond, Timken 
36x84” American, Timken 
38”x17’ American, 1943 
40x108” LeBlond, 1942 


MILLING MACHINES 

No. 3-30 Cincinnati Duplex Production 

No. 5 Cincinnati Plain Dial Type, new 1948 
No. 4 Cincinnati Vertical Dial Type, new 1940 
No. 3€ Van Norman Plain, new 1942 


SCREW MACHINES 


No. IL Gisholts, 1939 and 1943 
No. 2A Warner & Swasey, 1943 
No. 3 Jones & Lamson, 1942 
No. 4 Warner & Swasey, 1940 
No. 5 Gisholt, 1940 


COMPANY 


SEARCHLIGHT SECTION 


MIDWESTERN MACHINERY CoO. 
MINNEAPOLIS, 44:K MINNESOTA 


OFFERS FROM WAREHOUSE STOCKS 


* INDICATES LATE MODEL MACHINE 
GRINDERS, TOOL & CUTTER 
ABTOMATICS ie. UH Svs emasees $1450 ~ eed Univ. & Tool Grinder, Int. 
2000 eit *No. | U.S. Hand Mili, | h.p. 220/ 
950 MILLS, HYDROTEL 


KINGSBURYS 
$50 Klagebary with 18” Tas y Bi i = (3) “30 72" Cine. Hori i varotel. Exe ail” (ad) wi 
is . 





56-72 Cine. lly yg a, Rebuilt & Guaran 
*No. 12 Brown 


BOREMATICS e 
. 1. w/Refrig. .........$3150 *No. 30 T 
sanianat kamae. ee $3190 tN. 18 @ No. 14 Kingsbury Head 
48° Gisholt VEM, 2 heads, 4 J chuck, P. feeds. .$1500 | , ree belen. tats ae 
DRILLS *7” Pratt & Whitney Bench Lathe, 440 V ‘ a 
*W-8 Baush w/o head, like rebuilt cond. *8” Cincinnati polishing lathes, w/chucks, et 25 Ge Wemry-Weiget, Mi-Gpees (1667) 
5x14” Mueller with Box Table (older-clean) ...$1650 “9” Hard inge warn a - pee SAWS 
DRILLS, MULTIPLE SPINDLE ia Ce ~~ “NS-18-10 Grob Band Saw w/welder. Like Rbit. (-48) 
*14" Delta, 2 $200; 3 spdl. $300 dt. $400 ion TR Mod. 31 ‘chuck 995 *ML-16 DoAll Contour Saw w/Welder, Recond. (1943) 
6 Spal. Cetand- aittord Mtr Drive Spais, tis: 7) $15 q L 8 S$ T.R. Mod. % CO pave perenve = Oat. -Off perry t 
Feet tk, 00. Weme-Tome 1000", 9004 ene 
“Howl Duty 12x15x30"" No. "1D -k Unit 1-H, 220 V $850 = rik 
GEAR Mecuneey 24"x86"” LeBlond Q.C. motorized 
oGles-Oniv | Hobbers (i w jfanvential ita. ) "88, ‘aio on LATHES TURRET 
GRINDERS Re: Saw See pettte tak tek, aE 
*No. . Preselector wel jue! s, 

*No. 115 Gardner Dbl. opposed (2) 5 h.p. motor. .$1500 ey TOOLS, ETC. si 

. 5 Bryant Universal Internal, like new MILLS Chamber Bol 3. | at “Washer (2) 35 xs 

cap. *No. 3V Norman Vert. w/vise, Rebuilt ....$6950 «p tA i 

*4xi2 Norton Type C with infeed & Ose. Spdl. (1945) “2H K a” ; Plain yg i with V Head, 5 h.p., 103 Grant Fivett . Dynamatie “j2°' Hi. P: 
ste cena! Gtk. Resa BR) Co NRIGS oY? ois ndnariis. tnd‘ ARAB.“ SA cata Al Br CS 
*72A5 Heald Piain internal, like ee (1943) CT-36 Less ner Univ. pcre 10 Ton Logan Air, Press -" ied to Plastic Moulding 
cenloch gant pc lingmialatiae rRotoclones, Size 12. T. i fone ms Wet. 25 hp. ....$1250 
GRINDERS, SURFACE Menta. Hydraulic (1946) 1250 *No. | Torrington ” cap., Ye h.p. ....$ 400 


* 14x36 P&W Vert. Surface, Hydr. (1943) $6850 8 } omg Horiz. H real L.-J (1942) “aR maco a “a 
“No. 22 Heald Rotary Surface, {2° Chuck (1943) 2-24 Cine. Duplex, cider-complet Plain Box ror for hapa adial 58x Hi (off Carleton) 


EVERY MACHINE GUARANTEED 


MIDWESTERN MACHINERY CO. 


336 Midland Bank Bidg. 525 No. 7th Street (Whse.) - 7561 Minneapolis 1, Minn. 


Bullard Horizontal Lathe uy Now—Top Values 


30 H. Man Au-Trol Horizontal 3 Spindl 
Lathe. S/N 25521 (1948) 224" Max 4H12 Libby Turret Lathe, 12” 
Dia. of Part i ill swi " om " 

38" Melianhtel Mibence between = Capacity 2 941; FIV Cleveland 
dies. Speed range 50 to 1500 rpm, 30 Tapper—5” Capacity—1952; #3 


h.p. Variable speed motor. Motch & Merryweather Cold 
Designed for between center work on Saw—1948; +6-72 Brown & 
shafts and chucking jobs where turning, Sharpe Gear Cutter; 48 x 48 x 


grooving, facing and angle turning opera- 
tions are required. 20’ Cincinnati Planer—4 Heads 


Carlson Machinery Co. 


3049 E. GRAND BLVD. 125 WABASH ST. 
Tom Johnston deo a" Micnican its 


BUY the BEST We ‘Represent 


pone pad Model 4-C 16” x 54” heavy-du Engine Lathe hard- OH!IO—Horizontal table and floor boring a heavy-duty 
taper, pan and coolant, new 1340, anit motor drive. crank shapers, bed type production millers, heavy-duty 


PRATT-WHITMEY #12-B 2- Spindle Profiler, new 1947. Slightly production drilling welders. 

used, equal to new, serial #196. Se ee niadatie Vertical and Horizontal 
milling machines 

CLEVELAND 4-spindie Automatic Screw Machine, Model K-21/2” rever| . 

capacity, serial #35003. Excellent condition-attractively priced. bie te WORKS’ Crank Shapers, radial Drills 

PRATT-WHITNEY 10” capacity Hydraulic Helical gear Grinder— bi 

new 1941, serial 2 W-1659.” Excellent’ conditic ttrectively REED-PRENTICE heavy-duty Engine Lathes, Milling machines, etc. 

price 


ALLEN #2 6-Spindi itive Drill, 12” overh feed ° M hi 
soindles, 2 topping spinales,s HP, 440 vai S phew, 08 cree §©6 - MacKenzie Machinery Co. 
motor. Excellent condition, Mot sisson 


NILES 36” x 35’ Late model—Geared head engine lathe; rapid 173 Second St. Cambridge, Mass. 
traverse, serial #21962. Excellent condition, some extras— . 
reasonably priced. ELliot 4-7668 


Se Okie Un 
v-Rae “aggre Metzen, 

















Machine produces 3 pieces finished work 
for each complete cycle of functions. 
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BOTWINIK .. . 





The Plant That 
Answers 1001 
Machine Tool Problems 


REBUILDING ... 


Botwinik’s more than 50 years of rebuilding exper- 
ience is your guarantee of efficient and maximum 
machine tool performance, whether your require- 
ments call for standard metal working equipment 
rebuilt to exact specifications or machines re- 


SERVICE... 


Botwinik trained engineers backed by one of the 
most completely equipped plants in the United 
States are ready to serve you in any capacity that 
will help solve your machine tool rebuilding or 
replacement problems. A Botwinik sales engineer 


SALES ... 


As distributors for over 250 new machine tool manu- 
facturers, we can give you up-to-the-minute price 
and delivery information on thousands of new tools. 
We also maintain at all times a huge stock of over 
2,000 used, new and rebuilt machine tools, from 











modeled to greater capacities or to perform new 
work functions. A Botwinik quotation will surprise 
you in the savings you can make over the cost of an 
entirely new machine. 


“The Home of America’s 
Foremost Machine Tool Rebuilders” 


will gladly visit your plant to go over each machine, 
one by one, without obligation of course. If you 
wish, we will fly you to Worcester in our own four- 
passenger plane for consultation or to inspect our 
stock and our facilities. 


a planers and planer-millers to small engine 
lathes and tbe coy drills. Whatever your need, we 
are se pe to serve you. Write, wire or phone 
Botwinik today. 











This is a partial listing of our huge stock 


BORING MILLS 


(New) Model AF- ~ Table po pe Horizontal—334” 
r— feed 47%". 
(New) Model AF Floor Type Horizontal—5” and 

6" bars—Plain or swivel heads—Outboard sup- 


sae 

Bullard 24”, 36” and 42” Spiral Drive Type Ver- 
tical—Side heads—MD 

(New) Model TV-2100 Vertical—Swing 82’—2 
heads on rail and one gt al ane under 
rail 4734—Speeds to 54 Ri 


DRILLS 
Leland-Gifford SUNS Three-Spindle—Hyd. feed 
to two outside spindles — Coolant — torized 


spindles—Loate 
Lelond- Gifford #2LMS Six-Spindie—4 power feed 
and 2 hand feed spindles—Motorized spindles— 
3 spindles bockgeared—Late 


GEAR CUTTERS 

Gould G Eberhardt 96” x 30 Automatic Spur & 
Helical — Aux. table — All power feeds — Feed, 
index and cutter speed gears—MD 


Pfouter Automatic Spur, Helical ond Worm 
Gear rator—Mox. cap. 118” x 22” face— 
Feed, lead and index gears—MD 


(2) Barber-Colman Type A Gear Hobbers—Cap. 
12” dia. x 15” cut—MD—1947 machines 
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LATHES 

Monarch 16” x 30” ctrs.—Swing over ways 1814” 
—tTaper attachmen D—tLote 

(New) Martin 16” swing x 29” to 79” ctrs. and 
20” swing x 39” to 158” ctrs.—Taper attach- 
ments, steady resets, etc. as desired—MD 

American 36” = x 17’ to 32° ctrs.—12 speeds, 
range 2-150 R D 

Mesqee> 30” x is" ag — Seaton lock 
spindle—16 speeds to M—MD—Late 


TURRET LATHES 
Warner & Swasey FRA Model M-470 Pre-selector 
Head—Cap. 2¥%2"—Bar feed—MD—Late 
Wee “ee 0 2 Geared Head Ram T' 
lectric bar feed — Cap. 


faa 
Warner G ~ NA Saddle T: Universal Model 
oe 4" feed—Tooling— 


Warner G Swosey #5 Preselector Head Universal 
Ram Type—Bar feed—MD 


MILLERS 
Chggoatt Ze te Rectan: ular qoem Plain—Range 
to 1200 RPM—MD— 
Pc Et Plain—Ran: Y. x 10” x 19” 
—Speeds to 1200 RPM—M 


Milwaukee #2KM Double Overarm Universal— 
pa head—Range 28” x 10” x 17”—MD— 


Reed- ot tog od pantie ee IR ty pt down 
to hea lectronic control — Max. 
psa dinence | 33" MD Late 


Milwaukee ##4K Vertical—Range 42” x 14” x 20” 
—MD—Late 


Cincinnati 41-18 Plain Production — Back lash 
eliminator—MD—Late : 


PLANERS 
Betts 15’ x 10’ x 36’ Double Housing—2 rail and 
2 side heads—MD—Modern éeclgn end and controls 
Gray 42” x 42” x 24 Double rail and 
2 side heads—MD—Excellent tion 
PLANER TYPE MILLERS 


Newton 8’ x 7’ x 28’ Model D-4-14-110 Hi Duty 
—2 reil and 2 side heads Mb 1940" mocking 


MISCELLANEOUS 

Buffalo # Uni 11 Worker—Has punch, 
cheer, aclihoer ont ber acivers oat 

Pratt G Whi Three-Dimensional BL2416 Auto- 


matic Keller licator—Horiz. table travel 24”, 
vert. travel of head 16”—MD—tLote 


May we add your name to our mailing list? 


Dotvtatl Dootios of Mess, log 


6 SHERMAN ST. e WORCESTER, MASS. 


In Worcester: Worcester 6-5175 





In Boston: UNiversity 4-2080 
J17 











1—Model 34-48 Cincinnati Duplex Hydromatic Mill 


2—2%2" Tube Reducer 1943, used 6 months only. 4—12 Ton American Horizontal Broach, Hydraulic, 170” 


DON’T PASS UP THESE TOP MACHINE TOOLS 


3—Micromatic Hone Model H-500, Double End, Horizontal 
2” Bore, 12” Stroke. Serial No. H-5-1 39, 1944. 


with Tracer Controls on Spindles. Serial 4B3 4D1M- 
4-1943. Table Size 16” x 65”. This machine has 
17” extra height under the rail. It has not been 
used since 1945 and may be seen under power. 


Photo upon request. Stroke, Late model. 


- b 
A. O. HALL ist cteviann 12, 0110 poremac 1-6017 














Morr’s “‘Mor-Speed” 4’-11” col. QUALITY TOOLS 


Radial Drill 
Horizontal Boring Mill #43 Lucas 4/2” Bar, M.D. 
W-7 Baush lag 5 = — Spindle, "45 


OTHER LATE TYPE TOOLS IN STOCK Wie. 262 Bane 2-Spin., Diy, 
Th $8 ae sist: oa ee 
sp en. r 0. ’ 
ompson No. 5B Surface Grinder he's é er man Hobbes tw Sa 
ype “S” rr man er, New 
Warner & Swasey No. 1 Electric No. SL Heald Sizematic Chucker, 1942 
33-L Excello Precisio 1943 
Head Turret 10” x 24” DOALL HYD. SURFACE, CHUCK, 1942 
No. 3 Cincinnati Tool & Cutter, Late 


No. 34-36 Cincinnati Hydromatic Duplex, Tracer 


Warner & Swasey No. 4 Turret wi ath iinaes eae joa i 
' ofiier, 
Preselector -D Gorton Vertical, Duplicator, PF, 1943 
Lodge & Shipl 1 ae - , 4. Troster ine at see, 1953 
eca Falls, “* omatic, 
nd prey 6x54 1A Warner & Swasey, Preselector, 1943 
Toolroom Lathe No. 2L Gisholt, Timken, Cross Sliding Turret, M.D. 


~ se S 7 Bardons & Oliver, motor-in head 
er & Johnston Automatic, Late 
rt Cintinnatt Hvy. Duty, Univ, Table, 1948 


BROWN +» STUART, ~<. VICTOR MACHINERY COMPANY 


128 BROAD STREET STAMFORD, CONNECTICUT 137 South Clinton St. 
Phone Stamford 4-1164 Chicago 6, Illinois 
























Exceptional TOOLS Priced for Quick Sale! 


BULLARD “NEW ERA” MILLS 
42 INCH “NEW ERA" VERTICAL TURRET LATHE © 36 INCH “NEW ERA" VERTICAL TURRET LATHE 








Five hole turret ity 38” Five hole turret 
Fabie Hf ve rs Motor Driven Fable Ve » nom Motor Driven 
Four jaw chuck indep. Serial No. 9363 Four jaw chuck indep. Serial No. 7058 


3—#42-30 Bodine Automatic Tapping Machines 
1—-#48-20 Bodine Automatic Tapping Machine 


THE STATE MACHINERY CO., INC. 


LEPHONES: MAIN 4-2065, 4-740 
865-871 CONGRESS AVE., NEW HAVEN, CONN. 








jis 
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CIMCO rebuilt machine tools 






.--latest facilities 
---prompt service 
.--- guaranteed satisfaction 






Our new offices, shops and warehouse 








Cincinnati Machinery Company, Inc. (CIMCO) has been | 
buying, rebuilding, selling and guaranteeing quality surplus 
metal-working machinery since 1921. 












Every machine is completely dismantled right down to base castings. 
Ways are replaned, worn parts replaced and machines given a long 
run-in and thoroughly tested to assure precision performance. CIMCO 
has hundreds of rebuilt machine tools ready for immediate shipment. 





Another CIMCO service is the rebuilding of customer-owned 
machinery to original accuracy. CIMCO will be glad to quote firm 
prices on rebuilding any machine tool you have in your plant. 








Send for our latest list of machine tools in stock ——_— 








| 
i} Takai ikke Mu Cekdiital-taaee 29°! KELLOGG AVENUE 
i] COMPANY, INCORPORATED CINCINNATI 26, OHIO 
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Whether it'sa Locomative or Lathe Baa a 
Single Machine Tool 39, or a Compete Plant Ap The 
Industrial Equipment Division of Luria Brothers Co., Inc. ? 

with its Experience and Nationwide Facilities @@iiag’ offers to 
industry -@.0: an unusual source of Equipment Needs ri 
and a Responsible Outlet for the sale of your Surplis Equipment. 


Re 


» LURIA BROTHERS AND COMPANY INC. 
INDUSTRIAL EQUIPMENT DIVISION 
LINCOLN-LIBERTY BUILDING ¢ PHILADELPHIA 7, PA. 
Leaders in Iron and Steel Scrap Since 1889 
WORLD'S LARGEST INVENTORY 


1) 
wtusse 4-44. 88aa0 
REBUILT 


MACHINE SALES—376 STATE ST., NORTH HAVEN, CONN. icablinomads 


TYPICAL CURRIER CURRENT OFFERINGS 









WRITE, WIRE 
OR PHONE 








Sundstrand #2 Electromil Billings 254” Di-Matic 

Bridgeport #48 Abrasive Cut-off Brown & Sharpe Automatics, Several ELECTRIC —_ mm ENT CO. 
py my Lathes alae sam ae ag gag Millers c ng-D 0) 65 

#12 Brown harpe Production Miller ratt itney x 60” Thread Miller 

Martin #12 Marking Machine 4 4 . | A ged Cutter Grinder ROCHESTER ! "NEW YORK 
Etna #72 Swager # niversal Grinder 

Torrington #3 Sywager Schmidt #185 Hydr. Marker Saptesice Evoct Meter Hoaduvestere 
tI MEM Sharpener 30” Espen-Lucas Cold Saw 

Hendey fy — ae gauge a RANTEED 

#0 W.F.F. oller # is Short Cut Wire Straightener 

#1 W.F.F. Screw Slotters #6 W.F.F. O.B.1. Press, D.A. VERTICAL “TURRET LATHES 
Reed Thread Rollers, Special Diebel 5 Ton Presses Spiral Dr.. V.T-L. Ser. Ne. 23, 564-1944 











iF Be Bullard’ er "Bri . Se. — 2. eee 
Ser. No. 7,072—1914 
so" nerd New New Ser. No. 11,271—1922 


‘, DB. wesmaaveats MACHINERY CO. 
848 W. Lake jcago 7, I. 
TAylor 9-0144 











If its Currier ils Dependable Quality 


PRESSES 


ALL TYPES 


Michigan’s Largest Stock 
of USED PRESSES 








Stock Direct from 


World's Largest 
Stamping Center 


Colson Equipment Co. 


15336 W. WARREN AVE. 
DEARBORN, MICHIGAN 
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EMERMAN Offers From STOCK 


7” GIDDINGS & LEWIS TYPE 345 


LATHES, ENGINE 
14x30” — _ 33768 


Pad eee 





LATHES, TURRET AUTOMATIC 





LATHES, TURRET 


No. 5 Warner & Swasey, Preselector 
Head 712499 

No. 1L Gishott, Preselector Head, Saddle 
Ke Feed, 

No. 3 Warner & Swasey, Ram Type, 1941 
’ Ser. 2839-38 


. 2854-36 
Swasey Univ., Ser. 


‘ Lamson, 1946 
No. 22-B Baroons & Oliver 


MILLS, PLAIN HORIZONTAL 
. 4 Saeeest 


HORIZ. BORING & MILLING MACHINE 


SERIAL NO. P-4000 
Dia. of spindle 7”. Taper in spindle. Traverse of —. 72”. Spindle speeds—24. 


Range of spindle speeds .008” to .315”. Vert. travel of 


column 20’. Equipped with: Power rapid traverse, 25 H. a 
starting equipment. APPROX. MONTHLY RENTAL 


AUTERATICS 
” Cleveland Model A, New 1943 
” Cleveland Model A, Ser. 38002-842, 
8” “Cleveland Model A, Ser. 41990-643, 1943 
8” Acme Gridley, 6 Spindie, w/Chucks, 1943 
12” Bullard Multaumatic, 6 Spindle, Ser. 22377 
BORING MACHINES 
No. DB2112A Ex-Cell-O, 2 Spindle, Hydr., S.E., 


Ser. 11212, 1951 
No. oe Single End, Hyd. Cross Sliding Table, 


No. 47A Heald, S.E., 2 Spindle, Manually Operated 
C.S. Table, Ser. 14883 

No. A Heald, S.E., Cross Sliding Table, 15” 
bore cap., 2 heads, 1942 

BORING MILLS, HORIZONTAL 

8” Sellers, Heavy Duty, Floor Type, w/Rotary Table 

7” Giddings & Lewis, 1927 

5” Fischer, 1944 

BORING MILLS, VERTICAL 

42” Bullard Vertical, Ser. ee ne drive 

60” Gisholt Vertical, Ser. 1031 

64” Bullard Vertical, Ser. 14934 Soiral drive 

24” Bullard VTL, Ser. 16449—Spiral drive 

BROACHES 

10 Ton Foote-Burt Duplex Vertical Surface, 1940 

40 Ton LaPointe, 66” Stroke, Ser. 43100, Vert. Surf. 

No. 10-54 Cincinnati Duplex Vert. Surf., 1940 

No. 2-36 Cincinnati Vertical Surface Broach 

DRILLS, HEAVY DUTY 

21” Cincinnati-Bickford Supey Service, Ser. 1L39 

H-4 Barnes Hydram, Flanged Quill Hyd. table, 


No. 36-HO Baker, Air Operated, Table 1943 


DRILLS, MULTIPLE SPINDLE PRODUCTION 
No. B4B Natco Holsteel, Hydr. Feed Table, Ser. 
B4B-841 


DRILLS, RADIAL 

4’-11” Cincinnati Gilbert, Ser. 4418 
4’-11” Carlton, Ser. 14-2788 

5/11” Carlton, Ser. 1A-1397 

GEAR HOBBERS 

No. 810 Barber Coleman, Vert., 1946 


gh. Horiz. travel of § 2SU Van Norman Universal, 1942 


230 volt, D.C. motor, 
$950. 


06 


Soster Coleman Type A, Ser. 2413 
ber Coleman Type A, Extended Bed, Ser. 1124 
en SHAPERS 
No. 7125A Fellows, Ser. 23180 
No. 61A Fellows, Ser. 19766 
No. 645A Fellows, Ser. 20694 


GRINDERS, CENTERLESS 

No. 2 Cincinnati, Ser. 2M2H1LK-125 (4) 

No. 3 Cincinnati, Ser. 3M3H1L-18 

GRINDERS, CYLINDRICAL PLAIN 

No. 2 Cincinnati Loy! Hy Cutter, Bg 1D2T1L-2492 
4x12” Landis Type 4H, Hyd., Ser. 21934 

6’x30” Landis, 22300 

o> Norton, Ser. 17771 
a wh Norton Type CD, Ser. CD-14230—plunge 


10x18" Cincinnati, Latest, 1945, Ser. 3P2A1P-16, 
plunge cu’ 

10”’x18” Norton, Ser. 19680 

10x30” Cincinnati Model 
1946, plunge cut 

GRINDERS, INTERNAL 

No. 75A Heald, Ser. 19246 

No. 72A Heald Plain, Ser. 21233 

No. 78 Heald Internal Centerless, 1944 

No, $1 Heald Gagematic & Sizematic, Ser. 17629 

No. 24-36 Bryant, Ser. M-3527 

No. 81 Heald Centeriess Sizematic 

GRINDERS, SURFACE 

No. B24 Arter, Ser. 2680 

84” Lumsden Rotary — Ser. 13025 

12”x40” Thompson 

12x48” Mattison ‘sort. 1941 

30"x24’’x72” Mattison 1941 

HAMMERS 

No. $12 Nazel Forge Hammer, Ser. 1516 

HONES 

No, H-3 Micromatic Horiz. Hone, 2 Spindle 

LATHES, AUTOMATIC PRODUCTION 


No. 8 Sundstrand Stub. Ser. 88-23 
No. 12 Gisholt Hydraulic Auto., Ser. 3017-12 


OE, Ser. 6P2C1S-1, 


centers 22/2”. 


16”x21” Fay Auto., Ser. 84461 to spindle sat 
Equipped with: 
phe hb RePnoxe MONTHLY RENTAL ...$250.00 


24x42” Fay Auto., Ser. 7490 
No. 3D Gisholt Simplimatic, Ser. 548-12 star 


Ser. TP-1481- i 61981, 


2 
# 1940 
ort’ Louse & ray hE taper att, 1942 


We, S08 Potter & Johnston, Ser. 54213, 
No. 5D Potter & Johnston, Ser. 54213, 
1946 


MILLERS, PLANER TYPE 
No. 36 Sundstrand 0S, 1944 


MILLS, PRODUCTION SIMPLEX 


#1402 K & T 
#1403 K &T 


K &T 
fo 1854-8 Kearney & Trecker, Ser. 4 
3187 


MILLS, VERTICAL 
No. 3V Van Norman Ram Type, Ser. 3V- 


5067 
= a% & Trecker, 45/2873 
16-44 Cina. ert. Hydrotel, 1951 


PLANERS 
24°x24"x6’ Liberty Openside, one rail 
head, one side head 


PRESSES, HYDRAULIC 
225 Ton, Clearing, 1940 
300 Ton, HPM, 1936 


PRESSES, KNUCKLE JOINT 
No. 665 Toledo, 1935 


SLOTTERS 
12 Pratt & Whitney Vertical Shapers, 
6” Pratt & Whitney Model B Vert 


Shaper, 1942 
36” Rockford Vert. Hyd., 1943 


SHAPERS 


26” Kelly Heavy Duty 
36” Rockford Hyd., Open Side 


#C-28-A NEWTON 2-SPINDLE ROTARY MILL 
SERIAL NO. 5902 
Dia. of spindle thru drive gear 434”. Dia. of spindle nose 84”. 
Dist. center of spindle to column yas, Dist. ndle 
Adjustment of spindles 2”. Height 


between spi 
ight top of table 
S, _ =: Diameter of table 76”. 
0 H.P. spindle drive motor, 


EMERMAN MACHINERY CORP. 


879 WEST 120th STREET 
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FOR SMALL JOBS OR 
VOLUME PRODUCTION 


FOR SMALL PIECES 
OR LARGE PIECES 


Only LAFAYETTE SERVICE 
GIVES YOU THIS Combination 


FLAT LAPPING 


and 


DOUBLE DISC 
GRINDING be 


All materials, ferrous, non-ferrous, in- FLAT 
cluding hardened steel, stainless steel, LAPPER 
cast iron, die-cast, and plastic parts. ; 
Fiatness in millionths. olerances. in 72 
low tenths. 


NO OTHER 
JOB SHOP HAS 
THIS BIG TEAM! 


and Only LAFAYETTE SERVICE 
leks theseBIG fellows for SURFACE 


BIG Will grind pieces up to 36” 

wide, 44” high, 120” long. 

THOMPSOS More accurate and cheaper 
36°X 120 than planing. 


BLANCHARD 


84" DIA. Grinds any piece that fits in 84’ 
diameter chuck. Ideal for single 

pene ani quantity produc- 
tion of small pieces. 


Other Lafayette Services: Centerless — Cylindrical — Internal Grinding 


LAFAYETTE GRINDING CORP. 


117 Banker St. Brooklyn 22 rgreen 8-5973 


Mail Blueprints 


and Inquiries to . 








CRANE 


‘ON, PUSH BUTTON FLOOR OPERA 
5 90/440, 60 A.C. SPAN UP TO ra 


ARNOLD HUGHES COMPANY 
2765 PENOBSCOT BLDG. 
Detroit, WO 1-1894 











USED 
TOOLING 


e DRILLS 
¢ REAMERS 
PS 


e TA 
e CARBIDE 
TIPPED 
sia BITS 
CUTTERS Etc. 
f tool- 
ina ‘ "wld youu 


PHONE WIRE 
WRITE 


GRAFF Machine 


0 W. Lake St., Chicago 7 





RARE MILLING MACHINES 


CSM MILWAUKEE 


1—#3 Plain 30 H.P. New 1947 
1—#2 Vert. 20 H.P. New 1950 
with Climb Milling, Automatic 

Cycle, High Spted 
Many Other Late Tools In Stock 
Republic Machinery Co. 
134 N. 3rd St., Phila. 6, Pa. 
Phone Walnut 2-5513 





EXCELLENT PRODUCTION MACHINERY TO 
FILL THE GAP IN YOUR PLANT 
BULLARD MULT-AU-MATICS 


Slides Equipped with Std. Universal, Bm Compound Heads and Plain Vertical 
Tr, Dd = a, 8-spindle S/N nus _~ "a N 16878 with Standard chucks— 
motors 


i—Type D 8” 8-spindle S/N (5010 with Std. Chucks 
i—Type D 8” 8-spindie E/U 15170 less chucks 25 HP motors 


ALSO AVAILABLE FROM STOCK 


V-8 CRANKSHAFT MACHINERY 
2—Wickes Model MP-4 Heav hag Automatic Single Spindle Multiple Crankpin 
—— Lathe S/N 7! -2. 1947 Machines complete with Motors and 
3—O.F.B.-4-F Melling Pia Beari A 34 i 
Somelate with oe Pic A. ring Ls athe S/N 346, 347 and 380. 1944 Machines 


ation Single End age Re- NUT TAPPERS 

ws, ry , 1946 Machines 4—%" National Bent Shank Nut Tappers 
A Ay irene A atic 2%,” National Bent Shank Nut Tappers 

' -_ Lathes ve 2 L.B- ~eo 1917 Ma- OQRINDERS 

chines Complete w an ontrols Ea - 

1—V-8 Landis Pin Grinder No. 2 Oliver Are Face —¢ Some or nityarautie ee ae Se 
Grinder S/N 2C-507 (196). Machine Equal to o. 2 Cinn. Tool & Cutter Grinder, S&N (D2TIP-43 

New. * 1946) Machine equal te new, has complete tool- 


GEAR EQUIPMENT in 
7—Fellows Model #7 High-Speed Gear Do- Ali Surface Grinder, Model G-10, S/N 43519 
FSi6s, F 8x24” Perm. Mag. chuck. Completely rebuilt 


$186, FS234, FS249, “Esme F Fees, with 
|—Cleveiand Model #220—8 spdil. Hobber S/N CHUCKERS 
i—Fellows Model 75 High Speed Gear Shaper S/N ee eM ctw 
2—Fellows Model 725A High Speed Gear Shapers 
s—Nat Rational ed ‘ing GCC & & 12" Gear Shavers (Hammond Opposed’ Head Delting’ and Reaming 


170, 334, | Machine. 10 "Station Index 
#41 Duplex Chamfering Machine Bhai 578 


i Fellows Thread Generator S/N 11012 


ED SMITH MACHINERY SALES 


1527 Lillibridge Ave. Valley 2-4830 Detroit 14, Mich. 





complete wit 
2L.B Le 











spdl. 7” cap. rear 


DRILLS 
2—HO Baker Drills z4 nT 9/8 fe tet, 11603 








WE’RE MOVING 


Thanks to you, our customers and friends, 
we are moving next door to a new and 
larger building in order that we may 
more easily handle your machine needs. 


FOR TOPS IN HIGH QUALITY MA- 
CHINERY BUYS, SEND FOR OUR CUR- 
RENT STOCK BROCHURE. 


We Buy Single Machines 
or Entire Plants 


Municipal Tool & Machinery Co. 


1526-28 North Broadway 
St. Louis 6, Mo. 








MOST DIVERSIFIED 
STOCK IN THE U. S. 


POWER PRESS all types 1000 ft 

POWER PRESS BRAKES & POWER SHEARS 

WIRE WORKING MACHINERY, Wire Drawing, 
Straightening and Cutting 4- ‘Slide Wire 
Forming Machines 

ROLLING, der tach ae MACHINES 


ROLL FORMING MACHINES 
MACHINE TOOLS 


“If it’s machinery; we have it.” 
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The true measure 
of a bargain machine tool 
is in tts performance 
on the job — 


No matter how much you save on a used machine tool, if the 
tool doesn't stand up on the production line, you usually lose 
money in the long run. That's why it is so important to buy 
rebuilt machine tools from a well-established firm with a rep- 
utation for honesty and fair dealings. Miles Machinery Com- 
pany is such a firm. During 34 years in business, Miles has 
never knowingly sold a machine tool that was not as good as 
they said it was. On the few occasions in those 34 years 
when one of Miles Rebuilt Machine Tools has not performed 
to the customer's satisfaction, Miles has always replaced the 
machine or refunded the purchase price promptly. Miles tools 
are thoroughly rebuilt and reconditioned by expert machinists, 
and before they go out of the shop, they are tested for accu- 
racy and also under power to make sure they perform like new. 
They are guaranteed to give you complete satisfaction. Write 
today for Miles illustrated catalag of one of the largest stocks 


of rebuilt machine tools in the country. 
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TURRET LATHES, SADDLE TYPE 


BARGAINS!! 


2-LIBBY Model 2-H-8, 27” Swing, 814” Dia. Bar Capacity 
PRICE . . . . Each $5,250.00 


1-LIBBY Model 1-H-6, 24” Swing, 644" Dia. Bar Capacity 
PRICE . ... « « Seseeee 


1-4R GISHOLT. Mfg. 1946. 10” Hole in Spindle 
PRICE . . . . . . $3,250.00 


ALL LATE TYPE MACHINES EXCELLENT CONDITION 
All The Above Lathes Are In Our Stock At Indianapolis 
Where Inspection Can Be Mace At Any Time. 


WINSTON MACHINERY COMPANY, INC. 


326 West Ohio Street Indianapolis 2, Indiana 
Telephone: MElrose 5-2408 


A New Location but the same QUALITY and SERVICE 
939 W. LAKE ST. « CHICAGO 6, ILL. 


The steady growth of our business has forced us to expand 
our facilities and set up new quarters. You will find the 
same high grade Tool Room Equipment — Imported and 
Domestic — as you have been in the habit of buying 
during the past. 
Contact us—when you need machinery— 
when you have machinery for sale. 


BASE oe eR 


w Address: 939 W. LAKE ST. ® 


COMPANY 





JOSEPH BEAL & CO. 


Established 1907 
Announces New Headquarters 
87 Binney Street Cambridge 42, Mass. 
Telephone UNIVERSITY 4-2813 
Dealers In New and Used Machine Tools 
For the Metal Trades 


We are agents for many leading lines of American and foreign machine 
tools. We carry a good stock of Lathes, Milling Machines, Shapers, Grinders 
and all types of Drills, Turrets, Screw Machines, Power Presses, Power 
Brakes and various Metal Saws. 





RADIAL DRILL 
6’ 15” Column Fosdick Hyd., Reconditioned 
SAVE $10,000.00 


BALCHER MACHINERY COMPANY 
6020 Euclid Avenue, Cleveland 3, Ohio 
Phone Express 1-8930 














lron-Worker — Cuts 3 x 3 angle 
Punches 34” hole. Excellent. 
’ Dresses actin Drill — Universal Arm 
‘'ariable Speed Drive — Very clean. 
Send for Our Current Steck List 


B. Holtzman & Son Mach. Co. 
Bt Louis 8 me. 
CEntral 1-2682 


FOR SALE WAUKESHA GAS ENGINES 
Alr Cooled 12', 
4 Cycle ie Complete. w > fn Eiutene 


overnme 50. 
ONLY $150.00 PREPAID 
eal ps, Elevators. 


ors, . 
NATIONAL SURPLUS SALES CO. 
Lay py ee LARGEST sonrre & DEALER 


1800-14 Charlott ansas City, Mo. wetuece 

















At Your 


Service 


to the attention of men as- 
sociated in executive, 
managment, sales and re- 
sponsible technical, engi- 
neering and operating ca- 
pacities with the industries 
served by the following 
McGraw-Hill publications: 


American Machinist 

Aviation Week 

Business Week 

Bus Transportation 

Chemical Engineering 

Chemical Week 

Coal Age 

Construction Methods 
& Equipment 

Control Engineering 

Electrical Construction 
& Maintenance 

Electrical Merchandising 

Electrical Wholesaling 

Electrical World 

Electronics 

Engineering and Mining 
Journal 


E. & M. J. Metals & Mineral 
Markets 

Engineering News-Record 

Factory Management and 
Maintenance 

Fleet Owner 

Food Engineering 

National Petroleum News 

Nucleonics 

Petroleum Processing 

Power 


Preduct Engineering 
Textile World 


Welding Engineering 
For advertising rates or other 
information address the 
Classified Advertising Division 
McGRAW-HILL 
PUBLISHING CO., Inc. 


330 West 42nd Street 
New York 36, N. Y. 
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ALEY & IBLEY __ OUR MODERN PLANT, WEST HAVEN, CONN. 


E 
EPENDABLE ERVIC 


i} Machinery & ‘(Sh Fquipment— 
A 36-YEAR RECORD OF 
. DEPENDABLE SERVICE 


THE LIST BELOW REPRESENTS BUT A SMALL PART OF OUR STOCK 









% BORING MILLS MILLERS PRESSES 
, 3” Universal Boring Mill “Triway Bed”, 1940 Sus ee S Ping at ee 3 ton "Hemy e Wright icing Press 
; ma & Sharpe Vertical Miller, 1941 9/16" meee ee 
: DRILLS No. 2 Cincinnati Diol Type Vertical Miller, 214" Model 61 New Britain, 1943 
1941 Brown G Sharpe, 1941 





No. H3 Barnes ‘‘Hydram” Hydraulic Drill, 24” No. 2 Cincinnati Diol Type Plain Miller, 1940 00G Brown G Sharpe, 1941 
Swing, Cap. 3” in steel, 194 No. 3B Brown & Shorpe Plain Miller, 1940 









; 1224 Kearney G Trecker Sim ler, MISC 
” . a plex Mil 1944 . 
No. 262 Bornes Drill, 26” Swing, Cop. 2" in 1936 Kearney G Trecker Simplex Miller, 1940 No. 22 WEF. DSSD. Header ¥" x 245" 
30” PGW Vertical Profile Miller Model M, No. 22 W.F.F. D-S.0.D. Header Sy” x 414% 
. 411" Canedy-Otto Radial Drill, 1940 1940 2 Pellows Nut Slotter No. 1 Range, 1942 






We maintain and operate complete re-building facilities 









GRINDERS 


No. 2 LeBlond Universal Cutter Grinder, 1945 
No. 33 Ex-Cell-O Precision Threed Grinder, 
1942 


6” x 18” Landis Hydraulic Type “C” Plain y) Wood St. & First Ave. 
mabe ALEY & SIBLEY 
West Haven, Conn. 


\ 


BOOST YOUR SALES! 





It's D&S for dependable service and the finest in machinery. 

























TRADER HORN OFFERS 



















AUTOMATICS: 
1” & 1%" "c S-sole, Bor ue ns commana 
} 15@” RA-8 Bar feed, 1943 
| sy 6 314", 4S ON MATES: WAREHOUSE AS YOUR OWN 
if a. een ii BIGGEST FACILITIES FOR THE 
te CLEVELAND: BIGGEST STUFF .. . 100,000 sq. 






ye yy, 
4". a % a, 4G A . SM" model “A” 
- ucker 6- spdie, 4” cap. 
odel “J Double Ss 
DLEYS: 


1%”, 134”, 2%”, ? a eale. bar 

BROACHES: 

2-ton 36” Str. Cincinnati, Vert. 

3-ton 24” Str. Colonial, Vert. 

5-ton 42” Str. Colonial, Vert. 

15-ton 60” Str. Colonial, Vert. 

DRILLS: 

a ##10-HO, late, Baker #321 late 
& 6’ Radials, Cincinnati-Bickford 

GEAR MCHY: 

#859 Michigan Duplex Shover 

#18 Fellows Shaver 

#12 Barber-Colman Hobbers 

GRINDERS: 


6x18 Landis 0.D. 1940 posers NEW CRANE- 
6x18 Norton O.D. 1943 UIPPED SHOWROOM! 





ft. of fireproof sprinklered storage 

. 8 overhead travelling cranes 
handling up to 50 tons each... 
6-car railroad siding entering the 
warehouse .. . 50 ft. 50-ton scale 

. Steel shearing facilities. Lowest 
insurance rates, Holmes Protection, 
24 hour watchman. Boxing for ex- 
port. 

















































The Largest 
Public Warehouse of 


et mm 
Uni AL if 
x isan 

Us 





























#2 Centerless Cincinnati, 1935-1945 e have built a comfortable room in Machinery & Metals 
i #3 Centerless Cincinnati, 1935-1953 our warehouse with a removable rocf in the East 
for of y by crane " ; 
F BILLS, PROD: at at your request. Every buyer visiting 
Pratt talthindhon can inspect your machine 
Brown & Sharpe Sound. Make our facilities your home 





HP-18” és KGT, 195 
34-60 K. G T W Mert Heod, 1951 in the east. 


‘worn wacuinery company | | BROOKLYN STEEL WAREHOUSE CO. 


LOraine 7-1666 1819 FLUSHING AVE., BROOKLYN 37, N. Y. 
6917 E. Jefferson, Detroit 7, Mich. \ WRITE TODAY FOR INFORMATION e CALL EVergreen 6-3804, 5, 6 
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werteewesmewees Saw srwwie 
SSRACTILIVITE JEUIIWUIY 





Phone 74406 





COME TO PEORIA 


We Buy—Sell—Rent—Lease 
Or Sell on Conditional Sale 
All Types of Used and Rebuilt 
Guaranteed Machine Tools 


ILLINOIS MACHINERY COMPANY 
3020 S. ADAMS ST., PEORIA, ILLINOIS 


Frank Carmen - Harold Mandel 





WELDING and SET-UP PLATENS 


Floor plates—bending tab- 
les — layout tables — 
straightening tables — dog 
blocks — bending blocks — 
blacksmith blocks. 5’ x 5’— 
6'x 6’ — 6'x 8’ — 6’x 10’ 
— 5’x10’ — 6’x12' — 
3’x 3’ — either 6” or 7” 





eletetotetevoles: 
5 OOS 
<5 5. > oe OYy 
os ot OoOOOrYy 
BOO, OO Og? 
rete e* ot e*, 
One 


. fae ae bending 
7 block type 
STAHL EQUIPMENT CO. 


New MACHINE TOOLS UsED 


For a sound business approach to your 
machinery problems, we offer our 
services in buying, selling and trading. 


10 South Clinton St. 

; Financial 6-0782 
Directly Across from 
Chicago’s Union Station 














BUYS SELLS 


STANDARD OR SPECIAL 
MACHINERY AND EQUIPMENT 


FUNDS AVAILABLE 
FOR PURCHASE OF SINGLE 
MACHINES OR 
COMPLETE PLANTS 


SAMSON MACHINERY CO. 


9A South Clinton St., Chicago 6, Ill. 
Room 628 Phone CENTRAL 6-3229 


WE BUY—WE SELL 
WE REBUILD 
PUNCH PRESSES 


ALLEN F. PRICE MACHINERY CO. 
3901 Lakeside Ave., Cleveland, 14, O. 





WANTED 


BRIDGE CRANES 


ARNOLD HUGHES COMPANY 


OT BLDG. DETROIT, MICH. 
sie veneer a seed 1-1894 














CASH FOR MACHINERY 
ONE PIECE OR COMPLETE PLANT 


AJAX MACHINERY 
2035 Michigan, Detroit WO-3-1015 








Advertisements 


are current, live opportunities in the metal-working field. 








Each advertisement represents a current 
Want or Offering of an organization or 
individual in this field, with some element 
of profit in each for whoever can fill the 
need. Some have money-saving possibilities, 
others are opportunities for more business; 
many are employment opportunities; still 
others offer property, or equipment used 
or surplus new equipment. “Searchlight” 


advertisements are constantly changing. 
New opportunities are finding their way 
into this great Want medium each issue. 
Regular consultation of the “Searchlight” 
pages can be as important to you as reading 
the text pages of each issue; Text matter 
is news of progress and development in the 
industry, “Searchlight” advertising is news 
of current “Opportunities” in this industry. 


for EVERY business WANT 
“Think SEARCHLIGHT first” 
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Motch & Merryweather not only has a modern plant 24” Bullard Vert. Turret Lathe 


designed for the efficient rebuilding of worn machine ™ 

tools, but is fully equipped with the latest machine 42” Bullard Vert. Turret Lathe 

_ This 72” : urd : 10’ ee > seen 6 x 18 Cincinnati Plain Cylindrical Grinder 
vacate Gi tone, ee 10 x 48 Landis Plain Cylindrical Grinder 
A trained, skilled force of rrag oro with the “know 10 x 24 Landis Universal Grinder 
how” required to operate this modern equipment as- a aie 

sures a good rebuilt machine plus the precision per- 14” x 6 Hendey Lathe 

formance you expect of it. #2 Brown & Sharpe Plain Horizontal Miller 


Currently, we have a stock of rebuilt machines which F | 
you can p Pasa and from which you can select the 2K Kearney & Trecker Plain Horizontal Miller 
machine best suited to your requiremenvs. All ma- 1A Warner & Swasey Turret Lathe 
chines are guaranteed to be exactly as represented. 2A Warner & Swasey Turret Lathe 


Listed are a few of our present stock which are 
immediately available. 12” 8 Spindle Bullard Mult Au Matic 


ME A See MOTCH & MERRYWEATHER first. 


Ta ERRNWERTRER 
Ke Wncameax Tn 


eee USED MACHINERY DIVISION rvcito 17. onto 


CWOMARALL FART SRAUAGA 
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1955 Production Planbook Issue 
Index for Mid-November, 1954 


Advertisers Index i Plant Services 
Apprenticeship i Portable Tools 
Practical Ideas F24, G14, 115, J 
Automation Gear Cutting Press Tools Cll, 07 
Grinding 
Prize-Winning Ideas 
Bibliography of Articles Product Index 
Management Heat Treating Production Control 


Machining Honing Productivity 


Tooling How to Use the Planbook 


Pressworking ............+, ib ceenen D44 
Inspection 
Assembling 
Heat Treating 
Materials and Components Replacement (equipment) 
Materials Handling i Rolling, Form 
Boring 
Brakes 


Broaching . Literature, Manufacturer's Free 
Machining 
Casting Tooling 
Cast Iron, How to Work Pressworking 
Cast Steel, How to Work Special Reports, List of 
Cleaning Assembling Spinning 
Components Heat Treating Stainless Steel Directory 
Materials and Components Stainless Steel, How to Work 
Cutting Fluids Materials Handling Statistical Section 
Steel Castings, How to Work 
Machine Tooling Steel, How to Work 
Machine Tools (management) 
Die Steel Directory Machining Operations, Other 
Die Steel, How to Work Maintenance Tapping 
Drawing Management Testing 
Drilling Materials Threading 
Materials Handling Tooling 
Electrical Discharge Machining Milling Too! Stee! Directory 
Molding Tool Steel, How to Work 
Training 
Finishing Pensions Turning 
Personnel 
Foreign Machines (management) 
Foremanship Wrought Steel, How to Work 





PAGE NUMBERS: This 1955 Production Planbook issue of American each of which is numbered separately. The letter denoting the 
Machinist contains 700 pages arranged in eleven sections. The sections appears prominently with the page number to aid in the 
first section, carrying numbers only, is at the front of the book, and location of any desired material, and an index to the thumb-indexed 
is followed by the ten thumb-indexed letter sections, A through J, major titles appears at the start of each section. 
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_A M production roundup... 


a 


a 
- ‘M 
/ 


A RADICAL DEPARTURE from the conventional, this issue of American 
Machinist is a sincere effort to provide you with a new production- i 
planning tool. It comes to you before the year-end, to assist in 
your planning for next year, providing statistics, management and 
personnel information, latest data on all :processes in nugget or 
news-note form, and an authoritative roundup 6f production methods 
on tron, steel stainless, and tool and die steels 
With the various classified iY Yoh itelar Me Zelt Meola Zelliclt- Mist Me-1elar we -laelalelilia 
atmosphere. estimate that for next year, and review your production 
processes for uptodateness. All the necessary facts are collected here for your 
use—even to the prize-winning Practical Ideas for the past year. Further, 
ile wacelol lot flelamialelilolole] amit itl -Mir Mellott Ihil tober -lellieldte| MelaleMelehZ-Taittiite Maer ili 
as well—for your convenience in pursuing any particular subject. 
It's fast and simple to use, and it's complete 
To implement your plans. we wil! republish, also in classified form, 
summaries of ai! descriptions of new equipment parts folate Missle li-tale li Mlammel!]¢ 
issue of January 3}, 1955 This T1011 -mumel lame lalallo Mageleltaitels 
Preview. will describe more such units than any orevious issue, more. in fact 
\ than nave sa peen Geeqibed anywhere in ote place before+some 1800. \ \ \ \ 
Competition hs back in Metalworking tor the first time in 15 years. The 
alert production executive wil! therefore cneck every ohase 
oh MR aIE Mo) ol-tae halo lar macolm@maslolal-h arte dlale Me) ol olelaielaltal-t: And this issue, and the 


Production Preview in January, are the tools with which to do it 


THE EDITORS 





“Positively we will neither publish anything in our 


reading columns for pay nor in consideration of 
advertising patronage. Those who wish to recommend 
their wares to our readers can do so as fully as 


li, choose in our advertising columns, 
i 2 


but our editorial columns are not for sale.” 
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